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1. [bookmark: _GoBack]Introduction
In the RAN1 #94 meeting, following agreements were achieved related to the scheduling/HARQ/CSI processing timeline enhancement for URLLC [1]:
	Agreements: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.

Agreements: 
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded


In this contribution, we share our views on scheduling/HARQ/CSI enhancement to support URLLC.
2. Discussion
2.1 Out-of-order scheduling and HARQ-ACK feedback
For UEs with the baseline processing capability, for any two HARQ process IDs A and B for a given cell, if the scheduling DCI scrambled by C-RNTI for unicast PUSCH/PDSCH transmission A comes before (in time) the scheduling DCI scrambled by C-RNTI for unicast PUSCH/PDSCH transmission B, the UE is not expected to be scheduled such that PUSCH/PDSCH for B is before the PUSCH/PDSCH for A as illustrated in Fig.1. Similarly, for any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the (baseline capability) UE is not expected to be triggered to send the HARQ-ACK for A after the HARQ-ACK for B. 
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Fig. 1	Out-of-order scheduling.
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Fig.2	Out-of-order HARQ feedback
These restrictions are reasonable only for the case where a single service type is operated. However, if a UE supports mixed service types, such as eMBB and URLLC services, the restriction is quite non-sense. For a UE supporting eMBB and URLLC services, different traffics with totally different timelines occur. If these restrictions are kept in Rel.16 NR URLLC, when a UE is operated with eMBB and URLLC, the URLLC traffic is restricted by eMBB traffic. 
Proposal 1:
· Out-of-order scheduling and HARQ-ACK feedback should be enabled for Rel.16 URLLC. 

2.2 Intra-UE prioritization/multiplexing
Rel.15 specs impose many restrictions on NR scheduling flexibility to avoid the transmissions and/or receptions with different timelines collide in time, which negatively impacts the latency for URLLC services. For example, the UE is not expected to decode a PDSCH scheduled in the primary cell with C-RNTI and another PDSCH scheduled in the primary cell with CS-RNTI if the PDSCHs partially or fully overlap in time; there is no support for the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH; it is not clear that whether a PUSCH scheduled later can cancel previously scheduled another PUSCH/PUCCH overlapped in time. Therefore, for UEs supporting URLLC, following cases should be supported.
1. Receive a PDSCH that cancels previously scheduled another PDSCH overlapped in time
2. Transmit a PUSCH that cancels previously scheduled another PUSCH/PUCCH overlapped in time
3. Transmit a PUCCH that cancels previously scheduled another PUSCH/PUCCH overlapped in time
4. Transmit more than one TDMed PUCCHs in one slot
5. DL assignments received later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH
Note that intra-UE prioritization/multiplexing mechanism for PUCCH/PUSCH with the same priority (traffic type) is discussed in [2]. As for the UE behavior for case 1, 2, 3, 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 [3]. 
In RAN2#103bis, an e-mail discussion [103bis#41] to clarify the scenarios and division of work between RAN1 and RAN2 for intra-UE prioritization objective of NR IIoT SI is ongoing. And the above intra-UE multiplexing cases are covered in the email discussion. The email discussion aims to collect the views of the companies in order to reach a consensus on the targeted scenarios as well as on how the work should be split between RAN1 and RAN2 subsequently.  Therefore, it’s better to wait RAN2’s guidance. 
Proposal 2:
· For intra-UE prioritization/multiplexing, wait for RAN2’s conclusion on how to split the work between RAN1 and RAN2

2.3 More than one PUCCH for HARQ-ACK transmission within a slot
In NR Rel-15, at most one PUCCH including HARQ-ACK is supported within a slot. For Rel.16 URLLC, this restriction will impact the latency performance due to the PUCCH resource update for HARQ-ACK transmission within one slot. For example, as shown in Fig.3, HARQ-ACK for PDSCH#1 and PDSCH#2 are transmitted on the PUCCH resource in slot #n. For PDSCH#1 and PDSCH#2, the PUCCH resource indicated by the PDCCH#1 and PDCCH#2 are transmitted in the first two symbols and last two symbols in slot #n, respectively. Due to the restriction of Rel.15, both the HARQ-ACKs for PDSCH#1 and PDSCH#2 would be transmitted in the last two symbols. Obviously, this adds additional delay for the HARQ-ACK feedback for PDSCH#1. However, if more than one PUCCH for HARQ-ACK transmission within a slot is allowed, the HARQ-ACK for PDSCH#1 can be transmitted in the first two symbols in slot #n and thus reduce the HARQ-ACK feedback latency.
[image: ]
Fig. 3	HARQ-ACK feedback in Rel.15.
Another motivation for more than one PUCCH for HARQ-ACK transmission within a slot is to enable separate HARQ-ACK feedback for eMBB and URLLC service since the performance requirements for eMBB and URLLC are totally different. Rel.15 mechanism only allows multiplexing HARQ-ACK bits onto the same HARQ-ACK codebook in a slot, regardless of whether the HARQ-ACK bit is for eMBB and URLLC. For example, assuming PDSCH #1 is URLLC data and PDSCH #2 is eMBB data in Fig.3. Then, the two HARQ-ACK bits for PDSCH #1 and PDSCH #2 are multiplexed onto the same HARQ-ACK codebook and the codebook is transmitted on the PUCCH #2. Since the HARQ-ACK for URLLC data is included, PUCCH#2 needs to satisfy the URLLC requirement. This implies that, although PDSCH #2 is eMBB data, gNB needs to determine the PUCCH format/resource indicated by the DCI (and possibly PDCCH CCE index) for the PDSCH #2 taking into account the URLLC requirement, which complicates the gNB scheduler. From the above discussion, more than one PUCCH for HARQ-ACK transmission within a slot should be supported. 
At the last meeting, further study of finer indication for HARQ feedback timing was agreed. In NR Rel-15, a slot for HARQ-ACK feedback is determined by the PDSCH-to-HARQ_feedback timing indicator field, and the PUCCH resource for the HARQ-ACK feedback is determined by the PUCCH resource indicator field in DCI format 1_0 or 1_1. Those signalling are optimized for eMBB, which does not require more than one HARQ-ACK feedback per slot. In order to realize more than one HARQ-ACK feedback per slot, the following options can be considered.
· Option 1: Finer granularity for HARQ-ACK feedback timing.
· Option 2: More than 8 PUCCH resources within one PUCCH resource set and more than 3 bits PUCCH resource indicator field
· Option 3: Both of option 1 and option 2
We believe that option 1 is more reasonable solution since faster processing timeline will be defined for URLLC traffic, and option 2 requires to increase the DCI format size which is not desirable. The exact granularities need to be further studied, for example whether single granularity is sufficient or multiple granularities depending on the transmission duration are needed. 
Proposal 3:
· Rel.16 NR URLLC should enable following with the multiple HARQ-ACK transmissions within a slot:
· More than two PUCCHs within a slot
· More than one long PUCCHs within a slot
· Enable finer granularity for HARQ-ACK feedback timing
· Study further for the exact granularity values of HARQ-ACK feedback timing
2.4 HARQ-ACK codebook design 
In Rel.15, the HARQ-ACKs in one slot are mapped into one HARQ-ACK codebook and the HARQ-ACK codebook is transmitted in the PUCCH resource indicated by the last DCI, as shown in Fig.4. 
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Fig.4	HARQ-ACK feedback in Rel.15
In consideration of the enhancement discussed in section 2.3, Rel.15 HARQ-ACK feedback mechanism should not apply to Rel.16 URLLC. How to design the HARQ-ACK codebook for more than one PUCCHs within a slot needs to be studied. In general, the following options can be considered:
· Option 1: HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same unit like LTE-sTTI operation e.g., half-slot for PUCCH transmission are mapped into the same HARQ-ACK codebook.
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Fig.5	Enhanced HARQ-ACK feedback
· Option 2: HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same slot and same PUCCH resource in the slot are mapped into the same HARQ-ACK codebook.
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Fig.6	Enhanced HARQ-ACK feedback
Option 1 allows the gNB to reassign the PUCCH resource within a unit e.g., half slot by the PUCCH resource indicator in later DCI, but the number of PUCCHs including HARQ-ACK within a slot is limited by the granularity of HARQ-ACK feedback timing. Option 2 allows separate HARQ-ACK for eMBB and URLLC, for example, as shown in Fig.6, assuming PDSCH#1 is eMBB data, PDSCH#2 is URLLC data, by using different PUCCH resource indicator, the HARQ-ACK codebook for eMBB and URLLC is constructed separately. Besides, there is no strict limit on the number of PUCCHs that can carry HARQ-ACK within a slot. 
Proposal 4:
· The following options can be considered for HARQ-ACK codebook construction:
· Option 1: HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same unit e.g., half-slot for PUCCH transmission are mapped into the same HARQ-ACK codebook
· Option 2: HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same slot and same PUCCH resource in the slot are mapped into the same HARQ-ACK codebook
As discussed above, for UE supporting both eMBB and URLLC service, separate HARQ-ACK codebook can be enabled by using different PUCCH resource indicator. However, what if HARQ-ACKs for eMBB and URLLC are transmitted in the same PUCCH resource. For example, as shown in Fig.7, assuming PDSCH#1 and PDSCH#3 are eMBB data, PDSCH#2 and PDSCH#4 are URLLC data. When the HARQ-ACKs for eMBB and URLLC are multiplexed in the same PUCCH, how to design the HARQ-ACK codebook need to be studied considering the different requirement between eMBB and URLLC.
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Fig.7 HARQ-ACKs for eMBB and URLLC on the same PUCCH
One straightforward method is to construct the HARQ-ACK codebook for eMBB and URLLC together without distinguish the eMBB and URLLC data. That is, when deciding the HARQ-ACK bits order, the DAI for eMBB and URLLC are counted together, therefore, the HARQ-ACK bits for eMBB and URLLC is mixed together. In the above example, the HARQ-ACK bit order is {A/N for PDSCH#1, A/N for PDSCH#2, A/N for PDSCH#3, A/N for PDSCH#4}. In this case, the HARQ-ACK for eMBB and URLLC is coded together.
Another method is to construct the HARQ-ACK codebook for eMBB and URLLC separately, that is, when deciding the HARQ-ACK bits order, the DAI for eMBB and URLLC are counted separately. Particularly, two sub-codebooks are generated. First sub-codebook is for URLLC and second sub-codebook is for eMBB. And then the two sub-codebooks are combined into a single HARQ-ACK codebook. In the above example, the HARQ-ACK bit order is {A/N for PDSCH#2, A/N for PDSCH#4, A/N for PDSCH #1, A/N for PDSCH #3}. In this case, HARQ-ACK for eMBB and URLLC can be coded separately.
Considering that the requirement between eMBB and URLLC is quite different, separate coding between eMBB and URLLC is beneficial to satisfy the strict reliability requirement for URLLC. In addition, when the PUCCH resource for HARQ-ACKs for eMBB and URLLC is not sufficient, to ensure the reliability of URLLC data, it is possible for UE to drop the HARQ-ACK bits for eMBB if the second method is adopted. However, the first method doesn’t allow this behavior.
Proposal 5:
· For UEs supporting both eMBB and URLLC, when the HARQ-ACKs for eMBB and URLLC are multiplexed in the same PUCCH resource, consider the following method for HARQ-ACK codebook design:
·  Generate two sub-codebooks for URLLC and eMBB separately
· First sub-codebook is for URLLC data
· Second sub-codebook is for eMBB data
3. Conclusion
In this contribution, we discuss the scheduling/HARQ/CSI processing timeline enhancement for URLLC and following is the proposal summary:
Proposal 1:
· Out-of-order scheduling and HARQ-ACK feedback should be enabled for Rel.16 URLLC. 
Proposal 2:
· For intra-UE prioritization/multiplexing, wait for RAN2’s conclusion on how to split the work between RAN1 and RAN2
Proposal 3:
· Rel.16 NR URLLC should enable following with the multiple HARQ-ACK transmissions within a slot:
· More than two PUCCHs within a slot
· More than one long PUCCHs within a slot
· Enable finer granularity for HARQ-ACK feedback timing
· Study further for the exact granularity values of HARQ-ACK feedback timing
Proposal 4:
· The following options can be considered for HARQ-ACK codebook construction:
· Option 1: HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same unit e.g., half slot for PUCCH transmission are mapped into the same HARQ-ACK codebook
· Option 2: HARQ-ACKs for PDSCHs scheduled by DCI pointing to the same slot and same PUCCH resource in the slot are mapped into the same HARQ-ACK codebook
Proposal 5:
· For UEs supporting both eMBB and URLLC, when the HARQ-ACKs for eMBB and URLLC are multiplexed in the same PUCCH resource, consider the following method for HARQ-ACK codebook design:
·  Generate two sub-codebooks for URLLC and eMBB separately
· First sub-codebook is for URLLC data
· Second sub-codebook is for eMBB data
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