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1. Introduction
In RAN1 86bis meeting, the following agreement regarding the HARQ was reached [1]:

	· At least asynchronous and adaptive HARQ is supported for eMBB


In RAN1 87 meeting, one agreement was achieved regarding HARQ timing [2]:
	· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI


In RAN1 NR AdHoc meeting in June 2017, the following agreements were reached [3]:

	· One TB is mapped to one DL/UL carrier.
· Re-transmission of a TB cannot take place on different carrier than the initial transmission.
· Working assumption:

· Re-transmission of a TB cannot take place on different numerology than the initial transmission in Rel. 15.
·  When uplink CBG-based (re)transmission is configured, the UL grant indicates which CBG(s) of a TB is/are retransmitted


In RAN2#98 meeting, the following agreements regarding the HARQ were reached [4]:

Agreements:

1. RAN2 aims to keep Multi-bit HARQ feedback and CBG-based retransmission transparent to the MAC for one TB

2. A single HARQ process supports one TB when the physical layer is not configured for downlink/uplink spatial multiplexing.

3. A single HARQ process supports one or multiple TBs when the physical layer is configured for downlink/uplink spatial multiplexing.

4. One HARQ entity should be supported in one carrier

In the last RAN2 meeting, the following agreements regarding HARQ buffer was reached [5]:

Agreeements:

1
Behaviour on the BWP that is deactivated 

-       not transmit on UL-SCH on the BWP;

-       not monitor the PDCCH on the BWP;

-       not transmit PUCCH on the BWP;

-       not transmit on PRACH on the BWP;

-       do not flush HARQ buffers when doing BWP switching (unless an issue is identified)
2
RAN2 will not support MAC CE BWP switching
Meanwhile, RAN2 also agreed that 2ULs are configured for a single cell if SUL is configured [5]:

Agreements for SUL operation in connected mode:

1
When SUL is configured there are 2 ULs configured for one DL of the same cell. (FFS how much configuration is provided for the 2 ULs)

2
At any point in time, each serving cell has at most one PUSCH for transmission

Options for further discussion on RRC signalling to configure SUL

1
RRC configured 2 ULs (one if a full UL configuration and 2nd is just SRS configuration). RRC reconfiguration to provide a full UL configuration for a different carrier is used to switch UL data between 2 different ULs.

2
RRC configures 2 UL. Signalling (e.g. DCI or MAC CE) is defined to enable UE to switch between the 2 different UL configurations, or 2 use both ULs 
For SUL switching, RAN1 agreed that DCI is used to do the UL transmission switching [6]:

	· UE specific RRC signalling (re-)configures the location of the PUCCH, either on the SUL carrier or on a non-SUL UL carrier in a SUL band combination
· The default location of the PUSCH is the same carrier as used by PUCCH 
· UE specific RRC signalling may (de-)configure that PUSCH may be dynamically scheduled on the other (i.e. non-PUCCH) carrier in the same cell as the SUL 
· In this case, a carrier indicator field in the UL grant is used to indicate dynamically whether the PUSCH is transmitted on the PUCCH carrier or on the other carrier 
· Note: Simultaneous PUSCH transmission on the SUL carrier and non-SUL UL carrier is not supported according to existing RAN2 agreement

· FFS in DCI discussion whether the SUL CIF is always present 

· There is one active BWP on the SUL carrier and one active BWP on the non-SUL UL carrier
· SRS related RRC parameters are independently configured for SRS on the SUL carrier and SRS on the non-SUL UL carrier in the SUL band combination

· SRS can be configured on the SUL carrier and non-SUL UL carrier, irrespective of the carrier configuration for PUSCH and PUCCH


In this contribution, we provide our considerations on HARQ in NR.
2. Discussion
In NR, more types of services and numerologies are supported compared to LTE. It has been agreed that different numerologies can be multiplexed in TDM or FDM pattern within one single carrier. It was also agreed in RAN2 that the only one HARQ entity should be supported within one carrier, where a single HARQ entity might need to handle multiple numerologies. In LTE, the maximum number of HARQ retransmissions for UL-SCH is configured per MAC entity, while other HARQ parameters (e.g. number of HARQ processes) are just pre-defined in the specification. Therefore, there is only one HARQ configuration per HARQ entity. One of the issues needs to be resolved in NR is whether and how to support multiple HARQ configurations within one HARQ entity.
In NR, the concept of BWP is introduced by RAN1 and there are one or multiple BWP configured for a component carrier. Although CA in LTE and BWP in NR are both intended to keep the UE operating on flexible bandwidth, there are obviously differences between the handling of BWP switch and CA activation/deactivation, since different number of HARQ entities supported within a carrier and within a MAC entity. As a consequence, another issue needs to be considered is the HARQ buffer handling during BWP switch. Regarding the SUL case, RAN1 agreed to switch the UL transmission between the 2 UL carriers via DCI signaling, and only one UL transmission is sued for a single cell at a single slot. Currently, RAN2 should further conclude how to handle HARQ buffers of the HARQ entity of the associated serving cell. This paper would discuss this issue as well.
2.1. HARQ timing

Compared to LTE, more flexible HARQ timing and scheduling is supported in NR. RAN1 agreed that the timing between DL data reception and corresponding acknowledgement, denoted by K1, is indicated by a field in the DCI from a set of values and the set of values is configured by higher layer [2]. 
Observation 1: HARQ timing candidates in terms of sets of K1 shall be configured by dedicated RRC signalling.
One main motivation for flexible HARQ timing is different UE capabilities. For a UE with higher processing capability, shorter value for HARQ timing will be configured. Therefore, the timing at least should be configured per UE based on the UE capability. Meanwhile, the suitable values for the HARQ timing might be different considering different numerologies/TTI. As shown in [5], the minimum value of K1 may be different under various subcarrier spacing and TTI duration configuration. For example, in LTE sTTI Work Item, the HARQ timing for sTTI of 2/3-os is not determined yet with two candidate options: n+4 and n+6, in order to handle the Timing Advance on uplink channels, whilst we only have n+4 HARQ timing for the legacy and 1-slot TTI in LTE. Therefore, although the HARQ timing is controlled by the DCI dynamically, the set of values configured by higher layer could be configured independently for each numerology/TTI. Others may argue that a set of all possible values can be configured per UE and the network can avoid using some of the values for certain numerologies/TTIs by not indicating these values in the DCI. However, we think that more configured values within the set would require more bits in the DCI to indicate which value is used. Therefore, the size of the set of configured value should be minimized to reduce the DCI overhead. As a result, the set of HARQ timing values for each numerology/TTI should be configured independently and only contains the value of validity for the corresponding numerology/TTI.

Proposal 1: The set of values for the HARQ timing should be configured with a finer granularity, i.e. per numerology, in order to further reduce DCI size.
Another main motivation for flexible HARQ timing is to supported dynamic TDD operation. To reduce the size of DCI overhead, the RRC might configured the UE with a set of minimum value instead of specific values for K1. The UE can understand the actual value for K1 based on the value indicated in the DCI and the slot type configuration. For example, as in Figure 1(a), 4 values should be specified to support flexible HARQ timing. However, if UE receives a DCI for downlink assignment in slot 0 and the DCI indicates K1 is 2 which is the minimum values, the UE should automatically feedback in slot 3 instead of slot 2, since slot 2 is DL. If the minimum value is indicated, only 2 values, i.e. {2, 4}, could be configured. The actual K1 should be equal to the minimum available value which is greater than or equal to the timing indicated in the DCI. 
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Figure 1 Example of timing indication
Proposal 2: For TDD operation, only minimum K1 values are configured, instead of specific values.

In case that the set of values for HARQ timing has not be configured, e.g. when RRC connection has not yet been established. The HARQ timing should be pre-defined or pre-configured to solve this problem. Three options can be considered:
· Option 1: a fixed value is predefined according to the conservative UE processing capability and max cell coverage. For example, K1=4 as in legacy LTE

· Option 2: a set of fixed value is predefined according to several UE processing capabilities and various values of max cell coverage. For example, K1 = [2, 4, 6, 8]

· Option 3: A single value or set of a set of values for K1 is indicated in SIB

For the simplicity and signaling overhead efficiency, we think a single value is sufficient and the value can be configured by the SIB or predefined.

Proposal 3: A single default value for K1 can be configured by the SIB or predefined agnostic to UE capability and numerology. 
2.2. Maximum number of HARQ processes

RAN1 just agreed that the maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE [5]. However, whether reconfiguration of maximum number of HARQ processes for a cell is supported has not discussed yet. If the reconfiguration is supported, the UE’s behavior should be specified. For example, the corresponding HARQ entity can be re-initialized, e.g. all HARQ buffers will be flushed. Or the HARQ entity is reconfigured by adding or removing parts of the HARQ processes. For example, if the maximum number of HARQ processes is reduced from 16 to 8, the HARQ processes 8 to 15 will be removed and the corresponding HARQ buffers will be flushed. Since the network knows the buffer status of the UE, e.g. whether there is package in the HARQ buffer of a specific HARQ process for retransmission, the network could reconfigure the HARQ entity when none of the HARQ buffers which will be flushed due to reconfiguration has package for retransmission.
Proposal 4: RAN2 should specify the UE’s behavior if the reconfiguration of maximum number of HARQ processes is supported in NR.
2.3. HARQ buffer

TS 36.321 specifies the MAC behaviors upon SCell activation/deactivation:
	-
else, if the MAC entity receives an Activation/Deactivation MAC control element in this TTI deactivating the SCell; or

-
if the sCellDeactivationTimer associated with the activated SCell expires in this TTI: 

-
in the TTI according to the timing defined in [2]:

-
deactivate the SCell;

-
stop the sCellDeactivationTimer associated with the SCell;

-
flush all HARQ buffers associated with the SCell.


In LTE, one HARQ entity is required per serving cell and the HARQ buffers of the Scell are flushed if the Scell is deactivated. NR would support one HARQ entity for each serving cell and thus should reuse the HARQ buffer handling rules in LTE, e.g. flush all HARQ buffers.

In NR,  multiple BWPs can be supported within a single carriers. However, a single HARQ entity is required and thus the multiple-BWP nature of the physical layer can be exposed to the MAC layer as less as possible. In such case, the MAC layer is not aware of the BWP switch, as long as the UE does not flush HARQ buffers when doing BWP switch. 
RAN1 is now discussing whether HARQ retransmission on another BWP is supported. We think even if cross-BWP HARQ is not supported, there wouldn’t be any issues if the UE does not flush HARQ buffers, since both DL and UL HARQ are asynchronous so that retransmissions are controlled by the network at each time. If the BWP switch is triggered by the network, e.g. via explicit DCI, the network can set the NDI filed in the DCI for scheduling toggled to prevent HARQ retransmission on the new BWP. If the BWP switch is triggered by expiration of timer at the UE, the network is able to identify this autonomous BWP fallback procedure and thus would not schedule retransmissions falsely.
For SUL switching within a serving cell, same rules should be applied. In such case, the SUL switch can be invisible to the MAC layer. If the cross-carrier HARQ retransmission is not allowed, the network can ensure only new transmission occurs by setting the NDI field toggled.
Proposal 5: UE would not flush HARQ buffers upon BWP/SUL switch.
3. Conclusion
In this contribution, we provide our considerations on HARQ in NR, especially the HARQ configurations, considering multiple numerologies, and we have the following observations and proposals:
Observation 1: HARQ timing candidates in terms of sets of K1 shall be configured by dedicated RRC signalling.

Proposal 1: The set of values for the HARQ timing should be configured with a finer granularity, i.e. per numerology, in order to further reduce DCI size.

Proposal 2: For TDD operation, only minimum K1 values are configured, instead of specific values.

Proposal 3: A single default value for K1 can be configured by the SIB or predefined agnostic to UE capability and numerology. 

Proposal 4: RAN2 should specify the UE’s behavior if the reconfiguration of maximum number of HARQ processes is supported in NR. 
Proposal 5 UE would not flush HARQ buffers upon BWP/SUL switch.
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