
3GPP TSG RAN WG1 Meeting #92
R1-1801784
Athens, Greece, February 26th – March 2nd, 2018
Agenda Item:
7.1.3.2.5
Source:
Huawei, HiSilicon

Title:
PUCCH resource allocation for non-slot scheduling
Document for:
Discussion and decision

1 Introduction
In RAN1 AH1709 meeting, the following agreements for PUCCH resource allocation were made.
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).

· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 

· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.

· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.

· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 

· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 

· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.

· Earliest transmission timing is based on UE capability 

· FFS how PUCCH resource is defined
In RAN1#90bis meeting, the following agreements for PUCCH resource allocation were made.
· For both slot-based and non-slot based DL transmissions, and for indentifying PUCCH resource for HARQ-ACK with more than 2-bit UCI, at least following parameters can be jointly configured in one or multiple set(s) (if supported) of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI: 
· Starting symbol in the slot;
· Number of symbols;
· FFS: If only a single configurable value for long PUCCH in the set of PUCCH resource(s).
· FFS: It is configured for one for multiple PUCCH formats.
· Starting PRB;
· FFS granularity: PRB, RBG, or subband.
· FFS: Number of PRBs.
· FFS: Code resources.
· Only a limited number of values is configurable for each parameter in the set of PUCCH resource(s). 
· FFS: Configurable values.
· FFS: Some of above parameters can be partly implicitly derived.
· FFS: Possible joint encoding for some of above parameters.
This contribution is mainly about the remaining issue of ‘PUCCH resource allocation for mini-slot scheduling’ from last meeting [1].
2 PUCCH resource allocation for non-slot scheduling
According to the agreement, the starting slot of PUCCH transmitting HARQ-ACK is indicated by DCI as K1. The time and frequency position within the indicated slot can be configured in one set of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI. Each PUCCH resource allocation includes at least following parameters: starting symbol in the slot, number of symbols, starting PRB, code resource.
2.1 PUCCH resource allocation issue for non-slot scheduling
The above scheme can work well for time-tolerant traffic which has no latency requirement for HARQ-ACK feedback.
For URLLC, the reliability requirement is at least 99.999% for PDSCH. HARQ retransmission is an important way to achieve such high reliability. The more retransmission happens, the higher reliability can be achieved. On the other hand, 1ms user plane latency is required in URLLC. In Adhoc1801 meeting, it is agreed that “for each HARQ process ID, the UE is not expected to receive a scheduled unicast PDSCH transmission with the same HARQ process ID until the time after the end of the expected transmission of the HARQ-ACK for an earlier transmission on the same HARQ process ID”, which means it is impossible to do blind retransmission for URLLC. Therefore, HARQ-ACK feedback needs to be conveyed as soon as possible to ensure more retransmission within 1ms. 
In current design, K1 indicates the slot index of PUCCH transmitting HARQ-ACK, which appears to be unnecessary. HARQ-ACK feedback for URLLC UE should always be transmitted in the same slot of the following slot relative to the slot transmitting PDSCH. 3-bit K1 indicating slot index seems redundant for URLLC. 

The number of PUCCH resource within a PUCCH resource set is no more than 8. These predefined PUCCH resources will cover different frequency positions, different PUCCH lengths and different code resource and different start symbol positions. Then the candidate value for the parameter of starting symbol of the PUCCH is limited. As a result, timely HARQ-ACK feedback cannot be guaranteed, so it is hard to meet 1ms latency requirement for URLLC. Postponed HARQ-ACK feedback also leads to limited number of retransmission, which will affect the reliability.
Observation 1：Fast HARQ-ACK feedback is critical for URLLC reliability. In current design, K1 indicating HARQ-ACK feedback slot appears to be unnecessary.
2.2 PUCCH resource allocation solution for non-slot scheduling

In Adhoc1801 meeting, draft proposals [1] are provided in draft summary as follows:

Draft Proposal: consider the following alternatives in the NR specification 

· Alt 1: introduce or re-interpret some field in the RRC PUCCH resource configuration to indicate the relative symbol indices difference in the unit of symbol between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information

· Alt 2a: K1 is re-interpreted as the number of symbols.
· Alt 2b: K1 is re-interpreted as the number of symbols or the number of slots.
The above proposals may work well in FDD system [2], which has no restriction in the time instance of UL resources. For TDD, the symbol index of DL and UL resource within a slot varies dynamically according to SFI. In 90bis meeting, it is agreed that UE will treat it as an error case when UE specific data and dynamic SFI imply different transmit directions. UE specific data here includes UE specific DCI triggered PUCCH with A/N for a PDSCH. Based on this agreement, the PUCCH resource indicator in DCI can only indicate the configured PUCCH resource which is in accordance with dynamic SFI. As the PUCCH resource set is semi-static configured, the flexibility in time domain is restricted. On the other hand, in order to ensure the timely HARQ-ACK feedback of URLLC UE, the choice of SFI is restricted, which will influence the performance of the network.
According to the agreement in Adhoc 1801 meeting, starting symbol of PDSCH mapping type B can be any position with a slot, and length of the PDSCH can be 2, 4, or 7 symbols. Then the ending symbol of PDSCH can be any position with a slot except the first symbol, as well as the A/N feedback corresponding to the data. The timing between data and its A/N feedback can hardly be fixed as Figure1 shows. In the figure, N means the number of symbols between the end of PDSCH and the start of corresponding PUCCH.
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Figure 1 HARQ-ACK timing in 1-symbol PUCCH scenario

Secondly, the PUCCH length in NR also has more than one choice. As for URLLC UE, long PUCCH can be used to ensure high reliability of HARQ-ACK feedback. As Figure 2 shows, if 4-symbol PUCCH is used, HARQ-ACK timing can be different with different PDSCH position.
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Figure 2 HARQ-ACK timing in 4-symbol PUCCH scenario

Based on the above discussion, the range of the HARQ-ACK timing values will be very large to cover all the possibilities. Even by re-interpreting K1 as the number of symbols, it may be hardly to cover all the possibilities. Considering there is not much variability in HARQ-ACK feedback timing, however SFI carried by group common PDCCH can dynamically change the  DL/UL resources,the HARQ-ACK feedback for URLLC may need to take into account  dynamic SFI to meet the stringent latency requirement. 
Observation 2：Current ARI is not as dynamically designed as SFI, and the HARQ-ACK feedback timing for URLLC can take into account dynamic SFI to meet the stringent latency requirement.
For URLLC, the HARQ-ACK timing needs to be as earlier as possible to meet 1 ms latency requirement. The starting symbol parameter in RRC PUCCH resource configuration can be omitted, which leaves more flexibility to PUCCH length/frequency position/code index. The starting symbol of PUCCH can be determined by predefined rules. In the slot indicated by K1, UE finds the earliest available PUCCH resource according to SFI. Considering the low latency and high reliability requirement of URLLC UE, gNB may always set K1 to a small value based on UE capability and the PDSCH position.
Proposal 1: For non-slot scheduling, UE finds the earliest available PUCCH resource to feedback HARQ-ACK according to UE feedback capability and SFI.
3 Conclusion
In this contribution, we discuss the PUCCH resource allocation issue for non-slot scheduling. We have the following observations and proposals.
Observation 1： Fast HARQ-ACK feedback is critical for URLLC reliability. In current design, K1 indicating HARQ-ACK feedback slot appears to be unnecessary.
Observation 2：Current ARI is not as dynamically designed as SFI, and the HARQ-ACK feedback timing for URLLC can take into account dynamic SFI to meet the stringent latency requirement.
Proposal 1: For non-slot scheduling, UE finds the earliest available PUCCH resource to feedback HARQ-ACK according to UE feedback capability and SFI.
References

[1] R1-1801152, “Summary of offline discussions on PUCCH resource allocation”, OPPO, RAN1 Adhoc, Jan 2018

[2] R1-1800203, “Remaining issues on PUCCH resource allocation”, VIVO, RAN1 Adhoc, Jan 2018
_1580039575.vsd
URLLC
PDSCH


14-symbol Slot with two DL/UL switching points


DL


UL


N=3


URLLC
PDSCH


PUCCH


14-symbol Slot with two DL/UL switching points


(b) SFI index =46


N =8


(a) SFI index =50


X


PUCCH



_1580039421.vsd
URLLC
PDSCH1


URLLC
PDSCH2


SFI index =46, two DL/UL switching points 


4 symbol PUCCH


N1=12


URLLC
PDSCH3


PUCCH


N3 =8


N2 =5


SFI index =47, two DL/UL switching points 


DL


UL


X



