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1. Introduction 

In RAN1#94 we agreed on the following on layer 1 enhancements:
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.
This contribution further discusses enhancements on UCI for URLLC. This contribution is a revised from R1-1810639.

2. Discussions
2.1 HARQ-ACK Feedback

In RAN1#94, it is agreed to study how to enable more than one PUCCH for HARQ-ACK transmission within a slot.  In Rel-15, when the PDSCH ends at slot n, the PUCCH carrying the HARQ-ACK feedback is transmitted at slot n+K1, where K1 is indicated in the DL grant in the field “PDSCH-to-HARQ_feedback timing indicator.”   One of the proposed methods to increase the number of PUCCH for HARQ-ACK per slot is to use a finer granularity for K1, e.g. K1’s granularity is in terms of OFDM symbols or mini-slots for URLLC.  The K1 granularity, i.e. slot or mini-slot (2 OFDM symbols) can be indicated in the DL Grant.  We can use the same mechanism used for indication of which 64QAM MCS Table to use, i.e. using the MCS-C-RNTI to implicitly indicate whether to use a slot level granularity or mini-slot level granularity for K1.  If deemed useful, similar to the configuration for 64QAM MCS table, the granularity for “PDSCH-to-HARQ_feedback timing indicator” can also be semi-statically configured.
Proposal 1: The “PDSCH-to-HARQ_feedback timing indicator” uses 2 OFDM symbols granularity for URLLC PDSCH transmission.

Proposal 2: The UE uses a OFDM symbol level granularity for “PDSCH-to-HARQ_feedback timing indicator” if the corresponding PDSCH is scheduled by a DCI masked with MCS-C-RNTI or when RRC configured, otherwise the UE uses a slot level granularity.

To support the reliability of URLLC, the reliability of the PUCCH also needs to be improved.  One way to improve PUCCH reliability is repetition.  If consecutive PDSCHs are transmitted to the UE, repetition of PUCCH would delay the HARQ-ACK feedback for the later PDSCH.  For example in Figure 1 the PUCCH is repeated two times and we have 3 consecutive PDSCHs, namely PDSCH#1, PDSCH#2 & PDSCH#3 for the same UE.  The PUCCH carrying HARQ-ACK are labelled as A/N#1, A/N#2 & A/N#3 for PDSCH#1, PDSCH2 & PDSCH#3 respectively. It is observed that the PUCCH A/N#2 can only start after the repetitions for PUCCH A/N#1 are completed and similarly the PUCCH A/N#3 can only start after the repetitions for PUCCH A/N#2 are competed.  This would therefore introduce latency for the PUCCH HARQ-ACK feedbacks.
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Figure 1: PUCCH with 2× repetitions

One method to avoid the HARQ-ACK feedback latency described in Figure 1, is to allow the HARQ-ACK feedback for different PDSCH to overlap, i.e. be multiplexed in the same PUCCH.  For example in Figure 2, the A/N#2 starts at the same time as the 2nd repetition of A/N#1 at time t4 instead of time t5 in Figure 1 if the A/N#2 can be multiplexed with A/N#1 in a PUCCH.  Similarly A/N#3 can start without waiting for the repetitions of A/N#2 to complete by multiplexing A/N#3 and A/N#2 in the same PUCCH at time t5.  Hence the latency for HARQ-ACK feedback can be reduced.
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Figure 2: Overlapping of PUCCH repetitions

Proposal 3: Support repetition of HARQ-ACK feedbacks and allow multiplexing of HARQ-ACK feedbacks for different PDSCHs in a PUCCH for the same UE.
2.2 Distinguishing eMBB & URLLC UCI
In [1], one of the open issues for UCI is whether to distinguish between a UCI for eMBB and URLLC.  We consider the UCI carrying HARQ-ACK and SR.

For a UE that is capable of eMBB & URLLC traffic, the corresponding HARQ-ACK feedback for the PDSCH should be treated differently since eMBB & URLLC traffics have different requirements.  The PUCCH carrying the HARQ-ACK feedback for a URLLC PDSCH can be given repetitions for higher reliability compared to that for an eMBB PDSCH.  However, the gNB is aware whether a scheduled PDSCH is for eMBB or URLLC traffic and hence it can indicate in the DL grant the transmission parameters for the PUCCH carrying the HARQ-ACK (e.g. with repetitions or power offset).  At least for HARQ-ACK feedback, there is no need to explicitly distinguish whether the UCI is for an eMBB or URLLC traffic.

Observation 1: There is no need to distinguish between an eMBB or URLLC UCI for HARQ-ACK feedback since the gNB is aware whether the corresponding PDSCH is for an eMBB or URLLC transmission.

In dynamic grant (grant based) scheduling, the UE typically sends a Scheduling Request (SR) so that the gNB is aware that there is traffic at the UE’s buffer and in response, provides the UE with an UL grant.  Since eMBB and URLLC have very different requirement, they require different scheduling methods from the gNB.  Hence it is beneficial that the SR indicates whether the traffic is for eMBB or URLLC so that gNB takes appropriate scheduling procedures, e.g. enable a URLLC PUSCH to pre-empt an ongoing eMBB transmission.

Observation 2: Since eMBB & URLLC have different scheduling procedures, it is beneficial that the SR can distinguish whether the uplink traffic is for eMBB or URLLC.

In Rel-15, an SR can be mapped to a LCP thereby enabling the gNB to perform the appropriate scheduling based on the LCP.  However, the eMBB and URLLC traffic is not distinguished at the LCP level and hence in order for them to be distinguished, the URLLC would need to occupy a LCP that is different to that used for eMBB [2].  
Proposal 4: For UE capable of eMBB & URLLC, the SR can indicate whether the uplink traffic is for URLLC or not.

In addition to distinguishing an SR for eMBB and URLLC, the SR for URLLC can also carry additional information such as resources that the UE intends to use.  This resource can be a pre-configured resource and the UE indicates the index in the SR of which resource it intends to use for PUSCH.  This allows the gNB to response to this SR with a very compact DCI (e.g. 1 bit indicating whether the requested resource is approved or not approved), which can also be made highly reliable.  For the case where this resource is approved, the processing time between the DCI and the PUSCH transmission can be significantly reduced, since the UE can pre-process the PUSCH after transmitting the SR [3].
Proposal 5: Introduce an enhanced SR that can request for an intended uplink resource allocation for URLLC PUSCH.  The gNB decides whether to grant this request or not.

3. Conclusion

In this contribution we discuss some Layer 1 enhancement on UCI to support URLLC.  We observe the following:

Observation 1: There is no need to distinguish between an eMBB or URLLC UCI for HARQ-ACK feedback since the gNB is aware whether the corresponding PDSCH is for an eMBB or URLLC transmission.

Observation 2: Since eMBB & URLLC have different scheduling procedures, it is beneficial that the SR can distinguish whether the uplink traffic is for eMBB or URLLC. 
We propose the following:
Proposal 1: The “PDSCH-to-HARQ_feedback timing indicator” uses 2 OFDM symbols granularity for URLLC PDSCH transmission.

Proposal 2: The UE uses a OFDM symbol level granularity for “PDSCH-to-HARQ_feedback timing indicator” if the corresponding PDSCH is scheduled by a DCI masked with MCS-C-RNTI or when RRC configured, otherwise the UE uses a slot level granularity.

Proposal 3: Support repetition of HARQ-ACK feedbacks and allow multiplexing of HARQ-ACK feedbacks for different PDSCHs in a PUCCH for the same UE.
Proposal 4: For UE capable of eMBB & URLLC, the SR can indicate whether the uplink traffic is for URLLC or not.

Proposal 5: Introduce an enhanced SR that can request for an intended uplink resource allocation for URLLC PUSCH.  The gNB decides whether to grant this request or not.
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