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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#95 we agreed on the following on layer 1 enhancements:

Agreements:
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.

This contribution further discusses enhancements in UCI and PUCCH to support multiple PUCCHs for HARQ feedback in a slot.  

2. Discussions
2.1 HARQ-ACK Feedback 
In Rel-15, the UE can be RRC configured with up to 4 PUCCH Resource Sets where each set contains at least the following:
· pucch-ResourceId: An ID for the PUCCH Resource Set
· format: The PUCCH format, which determines the number of UCI bits that can be carried
· Frequency resources:
· startingPRB: The start of the first PUCCH frequency resource (PRB index)
· secondHopPRB: The start of the second PUCCH frequency resource if intra-slot frequency hopping is enabled
· intraSlotFrequencyHopping: Indicates whether intra-slot frequency hopping is enabled
· Time resources:
· nrofSymbols: Duration of the PUCCH transmission (number of OFDM symbols)
· startingSymbolIndex: The starting OFDM symbol of the PUCCH in the 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” and if not indicated in the DL grant, it is provided by higher layer parameter dl-DataToUL-ACK.  One of the proposed methods to enable multiple PUCCHs for HARQ-ACK per slot is to use a finer granularity for K1, i.e. the unit of K1 is smaller than a slot.  Currently 3 bits are used for the PDSCH-to-HARQ_feedback timing indicator where [1]:
· For DCI format 1_0, K1 = {1, 2, 3, 4, 5, 6, 7, 8} slots
· For DCI format 1_1, PDSCH-to-HARQ_feedback timing is an index to one of 8 possible K1 values and this set of 8 K1 values is configured in higher layer parameter dl-DataToUL-ACK, which can potentially be 0 to 15 slots.

One straightforward way is to redefine the units of K1 from slot to OFDM symbol for URLLC and we refer to this PDSCH to PUCCH timing as K1fine.  Similarly, a set of 8 K1fine values can be configured in RRC, thereby allowing the same number of bits (3 bits) in the PDSCH-to-HARQ_feedback timing indicator of the DL grant to be reused.  That is the PDSCH-to-HARQ_feedback timing indicator is interpreted as a PDSCH to PUCCH delay in units of slots if the DL grant schedules an eMBB PDSCH and in units of OFDM symbols if the DL grant schedules a URLLC PDSCH. The parameter startingSymbolIndex is ignored if the DL grant schedules a URLLC PDSCH
Proposal 1: When a DL grant schedules a PDSCH for URLLC:
· The PDSCH-to-HARQ_feedback timing indicator delay is in units of OFDM symbols
· The PDSCH-to-HARQ_feedback timing indicator may points to an index to a set of 8 values where these values are configured by higher layers
· The higher layer parameter startingSymbolIndex that indicates the starting OFDM symbol of the PUCCH in the slot is ignored

It is expected that the DCI format used to schedule Rel-16 URLLC PDSCH is different to that used for legacy Rel-15 PDSCH, which allows the UE to distinguish between these PDSCH types.  However, if the same format is used, one way to distinguish between DCI for Rel-16 URLLC and legacy PDSCH, so that the UE uses a different K1 granularity, is to use a different RNTI, similar to the use of MCS-C-RNTI to indicate the use of a low spectral efficiency MCS table in Rel-15.
Proposal 2: If Rel-16 URLLC PDSCH uses the same DCI format as that used for Rel-15 PDSCH, then use a different RNTI for scheduling of Rel-16 URLLC PDSCH thereby allowing the UE to determine whether to use a finer K1 granularity or the legacy (i.e. slot) granularity.

In considering the possible values for K1fine, we assume that the HARQ-ACK feedback provided by the UE can provide at least 1 PDSCH retransmission within 1ms to meet the URLLC latency requirement.  We consider a 30 kHz subcarrier spacing transmission as shown in Figure 1 where two HARQ PDSCH transmissions just meet the 1ms latency.  Here the gNB transmits a DL grant at time t0 to schedule a PDSCH at time t1 with a 1 symbol duration.  Assuming the extreme case where the gNB is fast enough to process the PUCCH in less than a symbol, i.e. N3<1 symbol, the latest a 1 symbol PUCCH can be transmitted in order for a PDSCH retransmission to be scheduled within 1 ms, is at time t4, i.e. 22 symbols after the end of PDSCH.  This scenario is of course the extreme case and we can expect N3 > 1 and hence the delay is less than 22 symbols in order to meet the 1ms requirement.
[image: ]

[bookmark: _Ref534473598]Figure 1: Timeline for 1 PDSCH retransmission within 1 ms using 30 kHz subcarrier spacing
Proposal 3: The potential range of values for delay between PDSCH and PUCCH is between 1 to 22 OFDM symbols.

The number of PUCCH carrying HARQ-ACK that can fit within a slot depends on the duration of the PUCCH, i.e. nrofSymbols.  If PUCCH duration is 1 OFDM symbol then there can be 14 PUCCH per slot.  Hence, the number of PUCCH carrying HARQ-ACK is determined by 14/ nrofSymbols for that format.
[bookmark: _GoBack]Proposal 4: The number of PUCCH carrying HARQ-ACK is determined by nrofSymbols, the duration of the configured PUCCH format, i.e. the number of PUCCH is .

In Rel-15, if two or more HARQ-ACK feedbacks for Rel-16 URLLC PDSCH are scheduled for the same slot, they are multiplexed and transmitted in a single PUCCH.  Similarly, for URLLC, if two or more HARQ-ACK feedbacks are scheduled for the same OFDM symbol, they are multiplexed.  
Proposal 5: Multiple HARQ-ACK feedbacks, for Rel-16 URLLC PDSCH, that are scheduled at the same OFDM symbol are multiplexed into a single PUCCH.

When PUCCH carrying HARQ-ACK feedback for Rel-15 PDSCH (e.g. eMBB) collides with PUCCH carrying HARQ-ACK feedback for Rel-16 URLLC PDSCH, priority is given to the PUCCH carrying Rel-16 URLLC PDSCH.  This is further addressed under the intra-UE multiplexing study in [2].


2.2 Distinguishing eMBB & URLLC UCI
In [3], 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 from the gNB prespective.  However, if two UCI collides, it may be beneficial for the UE to be able to prioritize the HARQ-ACK for URLLC over the HARQ-ACK for eMBB [2].  This can be achieved if the UE is aware of the priority of the PDSCH.
Proposal 6: In order for the UE to prioritise between two colliding UCIs carrying separate HARQ-ACKs for different PDSCH, the priority of the PDSCH can be distinguished by the UE.  The mechanism is FFS.

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 requirements, 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 the gNB takes appropriate scheduling procedures, e.g. enables a URLLC PUSCH to pre-empt an ongoing eMBB transmission.  In Rel-15, an SR resources can be mapped to a LCID thereby enabling the gNB to perform the appropriate scheduling based on the Logical Channel Priority.  However, the eMBB and URLLC traffic is not distinguished at the LCP level and hence in order for them to be distinguished, the URLLC traffic would need to occupy a LCP that is different to that used for eMBB [4].  
Observation 1: Since eMBB & URLLC have different scheduling procedures, it is beneficial that the SR can distinguish whether the uplink traffic is for eMBB or URLLC.  This can be achieve by using separate SR resource for eMBB & URLLC.

In addition to distinguishing between 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 respond 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.
Proposal 7: 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: Since eMBB & URLLC have different scheduling procedures, it is beneficial that the SR can distinguish whether the uplink traffic is for eMBB or URLLC.  This can be achieve by using separate SR resource for eMBB & URLLC.

We propose the following:
Proposal 1: When a DL grant schedules a PDSCH for URLLC:
· The PDSCH-to-HARQ_feedback timing indicator delay is in units of OFDM symbols
· The PDSCH-to-HARQ_feedback timing indicator may points to an index to a set of 8 values where these values are configured by higher layers
· The higher layer parameter startingSymbolIndex that indicates the starting OFDM symbol of the PUCCH in the slot is ignored

Proposal 2: If Rel-16 URLLC PDSCH uses the same DCI format as that used for Rel-15 PDSCH, then use a different RNTI for scheduling of Rel-16 URLLC PDSCH thereby allowing the UE to determine whether to use a finer K1 granularity or the legacy (i.e. slot) granularity.
Proposal 3: The potential range of values for delay between PDSCH and PUCCH is between 1 to 22 OFDM symbols.
Proposal 4: The number of PUCCH carrying HARQ-ACK is determined by nrofSymbols, the duration of the configured PUCCH format, i.e. the number of PUCCH is .
Proposal 5: Multiple HARQ-ACK feedbacks, for Rel-16 URLLC PDSCH, that are scheduled at the same OFDM symbol are multiplexed into a single PUCCH.
Proposal 6: In order for the UE to prioritise between two colliding UCIs carrying separate HARQ-ACKs for different PDSCH, the priority of the PDSCH can be distinguished by the UE.  The mechanism is FFS.
Proposal 7: 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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