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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#83, we approved a WI on eURLLC [1].  One of the objectives of this WI is:
· Specification of UCI enhancements [RAN1]
· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE

This contribution discusses some aspects of these objectives.  
2. Discussions
2.1 Multiple HARQ-ACK PUCCH per slot
In Rel-15, the size of the HARQ-ACK codebook depends on the set of K1 values (i.e. the cardinal of K1) and the PDSCH opportunities within the time window defined by these K1 values.  An example is shown in Figure 1, where K1 = {1, 2, 3, 4} slots and for a PUCCH in slot n, the codebook would cover acknowledgements for PDSCH within the time window from slot n-4 to slot n-1.  For Type 1 HARQ-ACK codebook, i.e. semi-static codebook, the size of the codebook would enable all PDSCH opportunities that fall within slot n-4 to n-1 to be acknowledged, where a NACK is indicated for unscheduled PDSCH opportunities, i.e. in this simplified example there are 2 PDSCH opportunities in each slot thereby giving a codebook size of 8 bits.  For the Type 2 HARQ-ACK codebook, i.e. dynamic codebook, the size of the codebook enables all scheduled PDSCH that fall within slot n-4 to n-1 to be acknowledged, i.e. in this example, the codebook size is 2 bits (only 2 PDSCHs are scheduled within the time window).
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[bookmark: _Ref536807772]Figure 1: Rel-15 time window of HARQ-ACK codebook for PUCCH in slot n

The options identified to enable multiple HARQ-ACK PUCCH during the SI can be categorized into two options [2]:
· Option 1: Finer K1 granularity: i.e. the time between the start of PUCCH and end of PDSCH is in units of sub-slot (i.e. smaller than a slot)
· Option 2: PDSCH grouping: PDSCHs that points to the same PUCCH resource or group of PUCCH resources in the same PUCCH slot are grouped together, i.e. PDSCH in the group share the same codebook.

The Rel-15 mechanism for determining the codebook can be reused in Option 1 (finer K1 granularity), where instead of using a slot as the unit, a sub-slot is used [3].  An example is shown Figure 2, where K1 is in units of sub-slot (7 symbols) and K1 = {1, 2, 3, 4} sub-slots.  The time window for multiplexing HARQ-ARQ in the PUCCH in sub-slot m starts from sub-slot m-4 to sub-slot m-1.  The Rel-15 procedure for Type 1 (semi-static) and Type 2 (dynamic) codebook can therefore be reused.

[image: ]
[bookmark: _Ref536810330]Figure 2: Time window for codebook at Sub-slot m using finer K1 granularity
The drawback noted in using a finer granularity is that it would reduce the range of the time window that can be addressed by the codebook for a PUCCH [4].  For example, for the same range of K1 values, the PUCCH in slot n using finer K1 granularity in Figure 2 can address HARQ-ACK for PDSCH only for slot n-2 and slot n-1 compared to the Rel-15 slot based K1 in Figure 1, which can address HARQ-ACK for PDSCH from slot n-4 to slot n-1.  In order for Option 1 (finer K1 granularity) to address the same time window as Rel-15, more bits are required in the DCI, i.e. in this example the finer K1 values are {1, 2, 3, 4, 5, 6, 7, 8} to address HARQ-ACK for PDSCH from slot n-4 to slot n-1.  It should be appreciated that the whole point of having multiple PUCCH for HARQ-ACK in a slot is to enable URLLC PDSCH to be acknowledged quickly and hence we do not see the point of extending the time range to be the same level as that for Rel-15.  Hence, the same number of bits for slot based K1 can be used for sub-slot based K1.
Observation 1: The time range that can be addressed by a finer K1 granularity is expected to be smaller than that in Rel-15 since the whole objective of using a finer K1 granularity is to reduce the timing between PDSCH and the PUCCH carrying HARQ-ACK.

In Option 2, K1 maintains a granularity of a slot as per Rel-15 but the PDSCHs are grouped according to which PUCCH resource or PUCCH resource group they use for HARQ-ACK.  The PUCCH resource can be grouped for example according to their time resources such that PUCCH with overlapping time resources are grouped [5].  For example in Figure 3, 4 PUCCH resource sets are configured where Set#1 and Set#2 overlap in time and have the same starting symbol and are therefore grouped into Group 1 and Set#3 and Set#4 are grouped into Group 2.  PDSCH that use the PUCCH within a group share the same codebook. For example scheduled PDSCH in slot n-4 has PRI=2 i.e. HARQ-ACK uses PUCCH Set#2 and the scheduled PDSCH in slot n-2 has PRI=1, i.e. HARQ-ACK uses PUCCH Set#1.  Since Set#1 and Set#2 belong to Group 1, these scheduled PDSCH using these PUCCH resources are therefore grouped together and share the same HARQ-ACK codebook and PUCCH resource indicated by the last PDSCH in the group (i.e. PDSCH in slot n-2) will be used to carry HARQ-ACK. 

[image: ]
[bookmark: _Ref196322]Figure 3: Grouping of PDSCH to PUCCH groups
For Type 1 (semi-static) HARQ-ACK codebook, Option 2 would require that each PUCCH group has a codebook size that can address all PDSCH opportunities defined in the set K1.  In the example in Figure 3, the codebook carried by PUCCH in Group 1 and Group 2 would both have 8 bits, where Group 1 would indicate NACK for the PDSCH in slot n-1 since this PDSCH is not addressed by PUCCH in Group 1, whilst Group 2 would indicate NACK for PDSCH in slot n-4 and slot n-2 since these PDSCH are being addressed by Group 2 PUCCH.  That is the codebook size for PUCCH groups in the same slot are inefficiently used. 
Observation 2: For Type 1 HARQ-ACK codebook, grouping of PDSCH to PUCCH resource requires each PUCCH resource in the slot to have the same codebook size since each PUCCH resource addresses the same time window, which can lead to inefficient use of PUCCH resources.

The PUCCH resource is determined by PRI and may also be dependent upon the CCE index carrying the DL grant for PDSCH.  Hence, the scheduler would need to take into account the HARQ-ARQ codebook to use when scheduling the PDCCH.  Alternatively, instead of using the PRI, a new explicit field can be used to group the PDSCH [6].  However this would introduce additional overhead to the DCI.
Observation 3: Since the CCE index for the DL grant may also be used to determine the PUCCH resource, scheduler would have to take into account the HARQ-ARQ codebook when assigning resources to the PDCCH.

Option 1 of using finer K1 granularity is a cleaner and more straightforward method and hence we have a preference for this option.
Proposal 1: Use finer K1 granularity, where the granularity is in units of sub-slot to support multiple HARQ-ACK PUCCH in a slot.

The K1 granularity is in units of sub-slot and the sub-slot size can be configurable, e.g. 2 OFDM symbols or 7 OFDM symbols.  The number of HARQ-ACK PUCCH in a slot is therefore dependent upon this sub-slot size, i.e. , where SSub-slot is the size of the K1 sub-slot in terms of number of OFDM symbols.
Proposal 2: The K1 sub-slot granularity size is configurable
Proposal 3: The number of HARQ-ACK PUCCH in a slot is dependent upon the size of the K1 sub-slot size, i.e. , where Ssub_slot is sub-slot size in terms of number of OFDM symbols


2.2 URLLC PUCCH and eMBB PUCCH collision 
For UEs that can support multiple services such as URLLC and eMBB, it was agreed that each service can have its own independent HARQ-ACK codebook.  It is therefore possible that the PUCCHs carrying these HARQ-ACK codebooks collide in time.  Since the URLLC requires low latency data, then the PUCCH carrying HARQ-ACK codebook for URLLC has priority over the PUCCH carrying HARQ-ACK codebook for eMBB.  A straightforward method is to drop the lower priority PUCCH.  However, dropping the HARQ-ACK for eMBB may cause gNB to retransmit the associated PDSCHs which would consume large numbers of resources and is therefore not an efficient use of resources.
Proposal 4: When two PUCCHs carrying HARQ-ACKs collide in the time domain, the PUCCH carrying HARQ-ACKs for URLLC has higher priority than the PUCCH carrying HARQ-ACKs for eMBB.
Observation 4: Dropping the eMBB PUCCH carrying HARQ-ACKs would require a large number of resources to retransmit the associated eMBB PDSCHs.

To avoid dropping eMBB’s HARQ-ACKs, they can be multiplexed into the URLLC PUCCH if the URLLC PUCCH has sufficient capacity. If the URLLC PUCCH does not have sufficient capacity to carry all the eMBB’s HARQ-ACK then priority is given to later granted eMBB PDSCHs.  
Proposal 5: When URLLC PUCCH and eMBB PUCCH collides, if the URLLC PUCCH has spare capacity, the eMBB’s HARQ-ACKs can be multiplexed into the URLLC PUCCH.
Proposal 6: If the URLLC PUCCH spare capacity cannot carry all the eMBB’s HARQ-ACKs then the HARQ-ACKs associated with later granted eMBB PDSCHs have priority.

If URLLC PUCCH has no spare capacity or the capacity is not sufficient, the eMBB HARQ-ACKs that cannot be multiplexed to the URLLC PUCCH are postponed to another PUCCH occasion.
[bookmark: _GoBack]Proposal 7: eMBB HARQ-ACKs that cannot be multiplexed into URLLC PUCCH are postponed to another PUCCH occasion.

3. Conclusion
In this contribution we discuss some aspects of multiple HARQ-ACK PUCCH in a slot.  We observe the following:
Observation 1: The time range that can be addressed by a finer K1 granularity is expected to be smaller than that in Rel-15 since the whole objective of using a finer K1 granularity is to reduce the timing between PDSCH and the PUCCH carrying HARQ-ACK.
Observation 2: For Type 1 HARQ-ACK codebook, grouping of PDSCH to PUCCH resource requires each PUCCH resource in the slot to have the same codebook size since each PUCCH resource addresses the same time window, which can lead to inefficient use of PUCCH resources.
Observation 3: Since the CCE index for the DL grant may also be used to determine the PUCCH resource, scheduler would have to take into account the HARQ-ARQ codebook when assigning resources to the PDCCH.
Observation 4: Dropping the eMBB PUCCH carrying HARQ-ACKs would require a large number of resources to retransmit the associated eMBB PDSCHs.

We therefore propose the following:
Proposal 1: Use finer K1 granularity, where the granularity is in units of sub-slot to support multiple HARQ-ACK PUCCH in a slot.
Proposal 2: The K1 sub-slot granularity size is configurable
Proposal 3: The number of HARQ-ACK PUCCH in a slot is dependent upon the size of the K1 sub-slot size, i.e. , where Ssub_slot is sub-slot size in terms of number of OFDM symbols
Proposal 4: When two PUCCHs carrying HARQ-ACKs collide in the time domain, the PUCCH carrying HARQ-ACKs for URLLC has higher priority than the PUCCH carrying HARQ-ACKs for eMBB.
Proposal 5: When URLLC PUCCH and eMBB PUCCH collides, if the URLLC PUCCH has spare capacity, the eMBB’s HARQ-ACKs can be multiplexed into the URLLC PUCCH.
Proposal 6: If the URLLC PUCCH spare capacity cannot carry all the eMBB’s HARQ-ACKs then the HARQ-ACKs associated with later granted eMBB PDSCHs have priority.
Proposal 7: eMBB HARQ-ACKs that cannot be multiplexed into URLLC PUCCH are postponed to another PUCCH occasion.
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