3GPP RAN WG2 Meeting #106
R2-1906404
Reno, USA, 13th -17th May, 2019

Agenda Item:
11.2.1.2
Source:
InterDigital

Title:
Configured grant transmission in NR-U
Document for:
Discussion, Decision

1 Introduction
In RAN#82, a work item on NR-based Access to Unlicensed Spectrum was approved [1]. The corresponding technical report for the study item was also approved in [2]. Per the objectives in [1], NR-U should specify physical layer procedure aspects, including:

Configured Grant operation: NR Type-1 and Type-2 configured grant mechanisms are the baseline for NR-U operation with modifications in line with agreements during the study phase.
Agreements from the study phase are in captured in Appendix A. It has been agreed that HARQ process ID can be selected by the UE from an RRC configured set of HARQ IDs and conveyed in the UCI. Downlink Feedback Information (DFI) can include explicit HARQ feedback for configured grant transmission. Further, retransmission on a configured grant is possible upon reception of a NACK in the DFI or upon expiry of the retransmission timer, in addition to possible retransmission on a dynamic grant scheduled with the same HARQ process ID. Consecutive configured grant resources in time (without any gaps in between the resources) and non-consecutive configured grant resources (with gaps in between the resources) are possibly configured in NR-U. Further, in RAN2 105bis, the following was agreed [4]:

· Retransmissions of a TB using configured grant resources, when initial transmission or a retransmission of the TB was previously done using dynamically scheduled resources, is not allowed

· A table for mapping between 5QI and CAPC, similar to Table 5.7.1-1 in 3GPP TS 36.300, shall be specified
· All MAC CEs, except padding BSR MAC CE, uses the highest priority CAPC, that is the lowest number CAPC, FFS for recommended rate for Voice MAC CE

· It is FFS if for CG, when several MAC SDUs are multiplexed, CAPC is selected according to the configuration for the LCH with lowest priority CAPC (for DRB). 
· A new timer is introduced for auto retransmission (i.e. timer expiry = HARQ NACK) on configured grant for the case of the TB previous being transmitted on a configured grant “CG retransmission timer”.

· the new timer is started when the TB is actually transmitted on the configured grant and stopped upon reception of HARQ feedback (DFI) or dynamic grant for the HARQ process. 

· the legacy configured grant timer and behaviour is kept for preventing the configured grant overriding the TB scheduled by dynamic grant, i.e. it is (re)started upon reception of the PDCCH as well as transmission on the PUSCH of dynamic grant.

This contribution discusses procedural aspects of transmission on configured grants in unlicensed spectrum, including HARQ operation and CAPC selection.
2 HARQ aspects for configured grants
Support for multiple active configured grants has been agreed in the NR IIoT and URLLC WIs. Extending such support to NR-U can also be beneficial, as it allows configuration of CGs of different durations, periodicity, and starting points, which can be useful given the channel can become available at any instance within a slot. The UE may switch between CG configurations according to the LBT outcome and the timing of the CCA within the slot. Further, within a single active wideband BWP, multiple active CGs may be configured on different subbands within the BWP, and independent LBTs for different subbands may therefore have different outcomes, which may impact the selection between multiple configured grants. Therefore, RAN2 should confirm support for multiple active configured grants within a BWP, as suggested in the email discussion on configured grants last meeting.
Proposal 1:
From a RAN2 perspective, multiple active configured grant configurations for a given BWP of a serving cell is also supported in NR-U.
RAN2 agreed to introduce a new timer to control retransmissions on configured grants, which is referred to as “CG retransmission timer” herein, in addition to the legacy R15 ConfiguredGrantTimer. It is vital to clarify that these two timers are maintained by the UE per HARQ process ID, as in R15, especially since they control re-transmissions and storing the TB in the HARQ process ID buffer. 
Proposal 2:

MAC maintains a single CG retransmission timer per applicable HARQ Process ID. 
Proposal 3:
MAC maintains a single ConfiguredGrantTimer per applicable HARQ Process ID. 

The UE further refrains from retransmissions of a TB using configured grant resources, when initial transmission or a retransmission of the TB was previously done using dynamically scheduled resources [4]. Further, upon reception of a dynamic grant with a HARQ PID used for a pending CG re-transmission, the UE restarts the CG timer and stops the CG retransmission timer. Therefore, when selecting a HARQ PID for an initial transmission on a CG from the HARQ PID pool configured for configured grant transmissions, the UE should exclude HARQ process ID(s) for which a dynamic grant is received, and the NDI is not toggled yet. This can be an inferred guideline from previous agreements. 
Proposal 4:
When selecting a HARQ process ID for an initial transmission on a CG, MAC excludes process ID(s) for which a dynamic grant is received and/or NDI is not toggled yet. 

In FeLAA, the AUL timer is configured in subframes (unit of ms) in RRC, while ConfiguredGrantTimer in NR-R15 is configured with a unit of number of resource periodicities. Given the UE maintains a single CG retransmission timer (or AUL timer), which is not tied to a specific configure grant resource configuration, the same units can be re-used.

Proposal 5:
RRC configures the CG retransmission timer with a unit of milliseconds. 

When the UE is configured with multiple configured grants per BWP, it may not be possible to tailor the duration of the CG retransmission timer (AUL timer) to all configured grant periodicities, and the CG retransmission timer may be configured according to the configured grant with shortest periodicity, for example. Depending on configured values, the CG retransmission timer may expire while the configured grant timer is still running, depending on the periodicity of the selected configured grant. 
Even when the UE is configured with a single configured grant, the UE may receive HARQ ACK for the previous transmission while both the CG retransmission timer and the configured grant timer are still running, which results in stopping the CG retransmission timer, as agreed in [4]. Given in R15 the UE does not toggle the NDI for a HARQ process for which the configured grant timer is running, it is implied that all configured grant occasions cannot be used for a new transmission while the timer is running, even if a HARQ ACK has been received on DFI for the pending TB. Therefore, to ensure resource efficiency, the UE should stop the configured grant time for the applicable HARQ process when it receives a HARQ ACK on DFI, which allows the UE to toggle the NDI at the next configured grant occasion, as specified in R15. In other words, this allows the UE to preform another initial transmission for another TB on the next configured grant occasion if the channel is available.
Proposal 6:
MAC stops the ConfiguredGrantTimer upon receiving a HARQ ACK in DFI for the applicable HARQ process ID.
3 CAPC selection for transmissions on configured grants
In RAN2#105bis, CAPC selection for PDUs composed of several SDUs that belong to LCHs configured with different CAPC was discussed for transmission on configured grants. In FeLAA, it was agreed that CAPC is selected according to the configuration for the LCH with lowest priority CAPC. This was agreed to ensure that the UE does not gain high priority access to the channel by including a small amount of high priority bits in the PDU. However, the nature of the LCP procedure necessitates that the UE fills the grant with all high priority data before filling the TB with data of lower priority. Further, reusing the FeLAA rule may not be suitable in NR, as this implies that the UE would group high priority data together (that is configured with the same CAPC) to avoid selecting lower priority CAPCs, which is only possible if an LCP restriction is introduced. However, LCH LCP restrictions specified in R15 are limited to PUSCH duration and numerology, which may not be feasible to use in NR-U; using the PUSCH duration LCP restriction may limit scheduling flexibility, given the gNB could provide grants of different durations depending on channel occupancy and availability in a shared COT. Using the numerology restriction may also be not applicable, as a single LBT subband contains a single numerology. Therefore, it is beneficial for RAN2 to discuss enhancements for CAPC selection for configured grant transmissions, considering the LCP procedure and fairness to other systems contending for unlicensed channel access. 
Proposal 7:
CAPC is selected according to the configuration of the LCH of highest priority for transmissions on configured grants in certain conditions. FFS: the conditions to ensure fairness to other systems contending for channel acquisition. 
4 Conclusion

In this contribution the following proposals were made on HARQ operation and CAPC selection for transmissions on configured grants:
Proposal 1:
From a RAN2 perspective, multiple active configured grant configurations for a given BWP of a serving cell is also supported in NR-U.

Proposal 2:

MAC maintains a single CG retransmission timer per applicable HARQ Process ID. 
Proposal 3:
MAC maintains a single ConfiguredGrantTimer per applicable HARQ Process ID. 

Proposal 4:
When selecting a HARQ process ID for an initial transmission on a CG, MAC excludes process ID(s) for which a dynamic grant is received and/or NDI is not toggled yet. 

Proposal 5:
RRC configures the CG retransmission timer with a unit of milliseconds. 

Proposal 6:
MAC stops the ConfiguredGrantTimer upon receiving a HARQ ACK in DFI for the applicable HARQ process ID.
Proposal 7:
CAPC is selected according to the configuration of the LCH of highest priority for transmissions on configured grants in certain conditions. FFS: the conditions to ensure fairness to other systems contending for channel acquisition. 
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6 Appendix A: Configured grant enhancements in TR 38.889

Potential enhancements to configured grant

NR already defined Type-1 and Type-2 configured grant mechanism. For NR-U, there is no necessity to exclude Type-1 or Type-2 configured grant mechanism for operation of NR in unlicensed spectrum.

The following modifications to the configured grant procedures are beneficial. 

-
Removing dependencies of HARQ process information to the timing. This can be achieved by introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID

-
Additional information fields can be considered to be included in the UCI, e.g. UE-ID, COT sharing information, PUSCH duration, etc.

-
It was identified that the resources utilized by the UCI, and multiplexing of UCI and data information of PUSCH require consideration of DMRS placement and starting and ending symbols of the configured grant based transmissions. Details on multiplexing UCI and data information of configured grant PUSCH can be determined when specifications are developed.

-
Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission

-
Increased flexibility on time domain resource allocation for the configured grant transmissions

-
As for potential solutions to providing flexibility on time domain resource allocation, bitmap based approach and NR Rel-15 based time domain resource allocation approach, which includes {periodicity, offset in the frame, start symbol and length of PUSCH and K-repetition signaling}, are identified as potential candidates. Additional aspects such as finer granularity of resource allocation, and multiple resources within a period may be considered for enhancing flexibility on time domain resource allocation.-
Supporting retransmissions without explicit UL grant

Allowing consecutive configured grant resources in time without any gaps in between the resources and non-consecutive configured grant resources (not necessarily periodic) with gaps in between the resources is beneficial and should be considered for NR in unlicensed spectrum

UE selects the HARQ process ID from an RRC configured set of HARQ IDs for NR-unlicensed configured grant transmission.

It is identified to be beneficial to support DFI to include pending HARQ ACK feedback for prior configured grant transmissions from the same UE. 

It was identified that it is problematic for the UE to assume ACK in absence of reception of feedback, which may include explicit feedback or feedback in the form of uplink grants. It was additionally identified that assuming NACK upon timer expiration can be a candidate solution to avoid LBT impact on reception of feedback. It was also identified that possible conflicts, with respect to NDI and RNTI for the same HARQ process, between configured grant transmission and scheduled grant transmission may have to be addressed. Details can be determined when specifications are developed.
For the retransmission of a HARQ process that was initially transmitted via configured grant resource, both retransmission via same configured grant resource and retransmission via resource scheduled by UL grant are supported.

UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when it receives NACK feedback via DFI for the corresponding HARQ process.

It is identified to be beneficial to consider UE multiplexing and collision avoidance mechanisms between configured grant transmissions and between configured grant and scheduled grant transmissions. 

NR-unlicensed configured grant transmission is not allowed during the time when it overlaps with occasions configured for potential NR-U DRS of the serving cell irrespective of the configured time domain resource for configured grant transmission.  

It was identified that CBG based retransmissions for configured grant based transmissions is beneficial. Details on which CBG related control information is transmitted as part of DFI and UCI, and how such control information is conveyed through DFI and UCI can be determined when specifications are developed.

It was identified that collision avoidance between configured grant and scheduled grant based transmission can be achieved by management of starting point of the transmission for configured grant and scheduled grant based transmission. Further details on the management of the starting point of the transmission can be determined when specifications are developed.

It was identified that sharing resources with gNB within COT(s) that is acquired by UE(s) as part of configured grant based transmissions should be supported. It was also identified that allowing configured grant based transmissions within a gNB acquired COT should be supported. Details of identification of situations when COT(s) sharing is possible and the details of potential resource sharing mechanisms and rules can be determined when specifications are developed.
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