
3GPP TSG RAN WG1 #96bis	R1-1904043
Xi’an, China, 8th – 12th April, 2019

Source:	OPPO
Title:	UCI enhancements for URLLC
Agenda Item:	7.2.6.2
Document for:	Discussion and Decision
[bookmark: Source][bookmark: DocumentFor]
Introduction
In RAN #83, the new WID on physical layer enhancements for NR URLLC was agreed with following objectives:
· 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
In this contribution, we show our views on the detail designs on UCI enhancements for URLLC.
Discussion
1.1 Multiple PUCCHs for HARQ-ACK within a slot
In Rel-15, HARQ-ACK bits corresponding to different PDSCHs are multiplexed in one PUCCH in one slot. Such mechanism cannot satisfy the latency requirements of URLLC. It was agreed to study further how to support more than one PUCCH for HARQ-ACK transmission within a slot. The following options should be considered for URLLC HARQ-ACK feedback:
· Option 1: Sub-slot-based HARQ-ACK feedback
For option 1, Rel-15 HARQ-ACK feedback procedure can be reused as much as possible. The main enhancement is defining sub-slot level K1. Multiple PUCCHs in one slot can be distinguished based on HARQ feedback timing.
· Option 2: PDSCH grouping
The proposed methods for PDSCH grouping can be categorized into two types: explicit grouping indictor and implicit grouping. If the grouping is explicitly indicated by DCI, besides the grouping indictor, DAI should be include in DCI even for Type-1 HARQ-ACK codebook, in order to guarantee the same understanding about the total number of PDSCHs in one group between gNB and UE. Therefore, the DCI overhead will be large. On the other hand, for implicit grouping, scheduling limitations on PDSCH resource allocation, DCI format, PUCCH resource allocation, etc. can be expected. 
Proposal 1: Sub-slot-based HARQ-ACK feedback is supported for multi-PUCCH transmission in one slot. 

In RAN 1#96, it was agreed a DCI with configurable sizes for some fields for URLLC to be finalized in the WI phase. To support sub-slot-based HARQ-ACK feedback, sub-slot level K1 shall be supported for the configurable DCI format for URLLC. However, for DCI format 1_0, the set of slot timing values shall be same as Rel-15, i.e. {1, 2, 3, 4, 5, 6, 7, 8}.
Proposal 2: Sub-slot level K1 shall be supported for the configurable DCI format for URLLC.

For the following cases, PDSCH retransmission cannot satisfy the delay requirement of URLLC. HARQ-ACK feedback has no use for URLLC transmission, but causes the collision with other UL channels and leads to unnecessary dropping of eMBB transmission. 
· Case 1: One-shot transmission. 
· [bookmark: _GoBack]Case 2: DL-heavy TDD carrier. 
One example is shown in Figure 1, the earliest HARQ timing for the PDSCH transmission in slot n is in slot n+4, which exceeds the delay requirement. Furthermore, if massive URLLC PDSCHs are transmitted, PUCCH blocking can be expected for this case.


Figure 1: Unnecessary HARQ-ACK feedback on DL-heavy TDD carrier
· Case 3: The transmission is closed to the maximum time delay.
As shown in Figure 2, assuming the maximum time delay is 1 ms, the gap between the data arriving and the end of the first retransmission is closed to 1 ms, and the earliest ACK/NACK transmission must exceed the time delay.


Figure 2: Unnecessary HARQ-ACK feedback for the transmission closed to the maximum time delay
To reduce the power consumption for transmitting the unnecessary HARQ-ACK and avoid the loss of eMBB transmission, UE should be able to dynamically determine the HARQ-ACK for one PDSCH is not transmitted.
· Method A: Explicit indication based on the K1. In Rel-16 NR-U, a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later is introduced. Such function can be further enhanced for URLLC, i.e. a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that no HARQ-ACK feedback is required for the PDSCH.
· Method B: Implicitly determination based on K1. If the indicated HARQ timing for one PDSCH exceeds L, UE does not transmit the HARQ-ACK for the PDSCH, where L can be configured by high layer signaling. 
Proposal 3: Dynamical indication, based on K1, to UE the HARQ-ACK for one URLLC PDSCH is not transmitted should be considered.

Furthermore, with sub-slot-based HARQ-ACK feedback, the maximum number of PUCCHs for HARQ-ACK in one slot can equal to the number of uplink sub-slots in one slot. A configurable number of PUCCHs for HARQ-ACK in one slot can be supported to further reduce the UE implementation complexity, and the configurable number shall be not more the number of the uplink sub-slots in one slot. However, considering UE implementation complexity, we suggest that among the multiple PUCCHs, at most one PUCCH is used to transmit eMBB HARQ-ACKs to avoid lower efficiency of UCI transmission. URLLC HARQ-ACK and eMBB HARQ-ACK can be multiplexed in one PUCCH, if the conditions and requirements for both URLLC and eMBB can be satisfied.
Proposal 4: The maximum number of PUCCHs for HARQ-ACK can equal to the number of uplink sub-slots in one slot.
Proposal 5: A number which is not more than the number of the uplink sub-slots in one slot can be configured to UE as the maximum number of PUCCHs for HARQ-ACK in one slot.
Proposal 6: At most one PUCCH is used to transmit eMBB HARQ-ACK in one slot.
1.2 Separate HARQ-ACK transmission for URLLC
L1 singling to indicate different service types should be supported in Rel-16 [1]. Both explicit and implicit indication can be supported, and the following implicit indication methods can be considered:
· Option 1: DCI with explicit priority indictor.
· Option 2: DCI with new MCS RNTI is used to schedule URLLC transmission.
· Option 3: DCI format
Generally, we think option 1 is the most accurate and efficient method which has benefit for processing both PDSCH transmission and HARQ-ACK feedback. However, considering the priority indictor cannot be added into DCI format 1_0, option 2 and 3 can also be used together with option 1.  
Proposal 7: L1 singling to indicate different service types should be supported in Rel-16.

Once different service types can be distinguished in physical layer, many high layer parameters referring to HARQ-ACK transmission can be separately configured for different services, such as:
· Sub-slot size
· The set of slot timing values K1
· PDSCH time-domain resource allocation list
· PUCCH resource sets
· HARQ-ACK codebook type
Proposal 8: If L1 singling to indicate different service types is supported, high layer parameters referring to HARQ-ACK transmission can be separately configured for different services.

Furthermore, considering UE implementation complexity, we suggest that at most 2 HARQ-ACK codebooks can be simultaneously constructed, i.e. one codebook is for eMBB transmission, and another one is for URLLC. Multiple HARQ-ACK codebooks for URLLC can be constructed in one slot by TDM manner.
Proposal 9: At most 2 HARQ-ACK codebooks can be simultaneously constructed.

1.3 Enhancements to UCI multiplexing
1) SR and long PUCCH
In Rel-15, an ongoing uplink channel cannot be stopped. If the same principle is used in Rel-16 URLLC, the latency of SR for URLLC will be not acceptable. One example is shown in Figure 3, when URLLC data is arriving during the transmission time of a 14-symbol PUCCH, if SR cannot be transmitted until the end of the long PUCCH, only the SR latency will be close to 1ms.


Figure 3: Large transmission latency of SR
In order to satisfy the latency requirement of URLLC, SR should be transmitted with a higher priority when SR triggered by URLLC overlaps with a long PUCCH. For example, short-periodicity SR is independently transmitted if SR is positive when SR triggered by URLLC collides with long PUCCH. The overlapped long PUCCH can be stopped.
Proposal 10: When SR triggered by URLLC collides with long PUCCH, the positive SR should be transmitted.

2) HARQ-ACK for URLLC and eMBB
Once a PUCCH for URLLC HARQ-ACK overlapped with a PUCCH for eMBB HARQ-ACK, the following enhancements to solve the collision between multiple UL channels can be considered:
· Method 1: URLLC HARQ-ACK and eMBB HARQ-ACK can be multiplexed into one channel if the multiplexing conditions and requirement are satisfied. However, Rel-15 conditions for multiplexing of uplink channels may need to be enhanced. Furthermore, although it was agreed that multiple PUCCHs can be transmitted in one slot for Rel-16 URLLC, to avoid lower efficiency of UCI transmission, we propose that at most one PUCCH is used to transmit eMBB HARQ-ACKs in one slot. 
· Method 2: PUCCH for eMBB can be stopped by the PUCCH for URLLC. In order to reduce the PUCCH overhead, HARQ-ACK multiplexing is generally used for eMBB transmission. In this case, if eMBB HARQ-ACK transmission is directly cancelled or dropped by URLLC transmission, there will be significant loss of system efficiency caused by retransmission of multiple eMBB PDSCHs. Therefore, if cancelation of eMBB HARQ-ACK transmission is supported, enhancements to retransmit the cancelled HARQ-ACK feedback should be considered.
· Method 3: HARQ timing for eMBB can be overridden by the later DL grant(s) to reallocate a new PUCCH resource. The main problem of this method is how to determine the later indication is used to override the previous timing or schedule a new separated PUCCH. One example is the later grant with continuous C-DAI is used to reset the HARQ timing, as shown in Figure 4. 

Figure 4: HARQ timing is overridden by later DL grant(s)
Observation 1: If cancelation of eMBB HARQ-ACK transmission is supported without any enhancement, significant loss of system efficiency can be expected.
Proposal 11: URLLC HARQ-ACK and eMBB HARQ-ACK can be multiplexed into one channel if the multiplexing conditions and requirements are satisfied. 

3) eMBB UCI collides with URLLC PUSCH
Generally, the TBS and physical resources allocated for URLLC are limited. On the other hand, the overhead of eMBB UCI will be large, and the reliability of eMBB UCI is lower than URLLC PUSCH. When eMBB UCI collides with URLLC PUSCH, the following methods should be considered to take account of both reliability and efficiency:
· Alt. I: Beta offset smaller than 1.0. This method is mainly used to improve the transmission efficiency, when the requirement of eMBB UCI is lower than URLLC PUSCH. The coding rate of UCI can be higher than PUSCH. Furthermore, if beta offset is indicated as 0.0, UCI cannot be multiplexed in PUSCH.
· Alt. II: eMBB PUCCH can be canceled/stopped by URLLC.
As mentioned above, if cancelation of eMBB HARQ-ACK transmission is supported, enhancements to retransmit the canceled HARQ-ACK feedback should be considered. 
· Alt. A: The canceled HARQ-ACK is transmitted on a new PUCCH resource which has a fixed time offset with the URLLC PUSCH.
· Alt. B: A new PUCCH resource is indicated in the UL grant for URLLC PUSCH.

Figure 5. Enhancements to retransmit the canceled HARQ-ACK feedback
Proposal 12: Beta offset smaller than 1.0 is supported for URLLC PUSCH.
Proposal 13: If eMBB HARQ-ACK is canceled by URLLC transmission, a PUCCH resource for eMBB HARQ-ACK should be reallocated.

4) URLLC HARQ-ACK on PUSCH
To satisfy the latency requirement of Rel-16 URLLC, the limitations that after a UL grant scheduling PUSCH in slot n, a DL grant, corresponding HARQ-ACK transmission on slot n, cannot be scheduled should be released. The following options for transmitting the later URLLC HARQ-ACK can be further studied:
· Alt. 1: PUCCH scheduled by later DCI can cancel/stop the PUSCH scheduled by previous DCI
· Alt. 2: If UE can distinguish the URLLC and eMBB transmission, HARQ-ACK bits corresponding to URLLC should puncture the PUSCH. Separate eMBB and URLLC HARQ-ACK codebook mapping is supported.
· Alt. 3: If UE cannot distinguish the URLLC and eMBB transmission, HARQ-ACK bits corresponding to PDSCH(s) after the UL grant should puncture the PUSCH.
Proposal 14: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.

5) SR and long PUSCH
To reduce uplink transmission latency, short-periodicity SR and multiple SR configurations were specified in Rel15. However, when shorter-periodicity SR collides with long uplink channel, decoding time of SR lengthens due to shorter-periodicity SR is multiplexed in long uplink channel.
One case is collision between SR and long PUSCH, as shown in Figure 6. When SR is triggered by URLLC prior to MAC PDU transmission, the SR will be cancelled and BSR for URLLC will be included in long PUSCH, then decoding time of SR will be lengthened, even cannot meet URLLC delay requirement. Therefore, when SR triggered by URLLC collides with long PUSCH, SR triggered by URLLC should be transmitted. For example, PUSCH is punctured by short-periodicity SR, if SR is positive.
Proposal 15: PUSCH should be punctured by short-periodicity SR, if SR is positive.

[image: ]
Figure 6: Collision between SR and long PUSCH

Conclusions
In this contribution, we show our views on UCI enhancements for URLLC with following observations and proposals:
Observation 1: If cancelation of eMBB HARQ-ACK transmission is supported without any enhancement, significant loss of system efficiency can be expected.
Proposal 1: Sub-slot-based HARQ-ACK feedback is supported for multi-PUCCH transmission in one slot. 
Proposal 2: Sub-slot level K1 shall be supported for the configurable DCI format for URLLC.
Proposal 3: Dynamical indication, based on K1, to UE the HARQ-ACK for one URLLC PDSCH is not transmitted should be considered.
Proposal 4: The maximum number of PUCCHs for HARQ-ACK can equal to the number of uplink sub-slots in one slot.
Proposal 5: A number which is not more than the number of the uplink sub-slots in one slot can be configured to UE as the maximum number of PUCCHs for HARQ-ACK in one slot.
Proposal 6: At most one PUCCH is used to transmit eMBB HARQ-ACK in one slot.
Proposal 7: L1 singling to indicate different service types should be supported in Rel-16.
Proposal 8: If L1 singling to indicate different service types is supported, high layer parameters referring to HARQ-ACK transmission can be separately configured for different services.
Proposal 9: At most 2 HARQ-ACK codebooks can be simultaneously constructed.
Proposal 10: When SR triggered by URLLC collides with long PUCCH, the positive SR should be transmitted.
Proposal 11: URLLC HARQ-ACK and eMBB HARQ-ACK can be multiplexed into one channel if the multiplexing conditions and requirements are satisfied. 
Proposal 12: Beta offset smaller than 1.0 is supported for URLLC PUSCH.
Proposal 13: If eMBB HARQ-ACK is canceled by URLLC transmission, a PUCCH resource for eMBB HARQ-ACK should be reallocated.
Proposal 14: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
Proposal 15: PUSCH should be punctured by short-periodicity SR, if SR is positive.
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