
3GPP TSG RAN WG1 Meeting #94bis                                            
R1-1810961
Chengdu, China, October 8th - 12th, 2018
Source:
OPPO
Title:
Considerations on configured grant for NR-U 
Agenda Item:
7.2.2.4.4
Document for:
Discussion and Decision
1. Introduction

In the RAN1 meeting #94, the following agreements regarding configured grant (CG) transmission were reached [1]:
Agreement:
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

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

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

· FFS: DFI to include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission.

Agreement:
· Retransmission via same configured grant resource is supported for a HARQ process that was initially transmitted via configured grant resource. 

· Retransmission via resource scheduled by UL grant is supported for a HARQ process that was initially transmitted via configured grant resource.

Agreement:

UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when one of the following conditions is met:

· Reception of NACK feedback via DFI for the corresponding HARQ process

· FFS: No reception of feedback from gNB upon the timer expiration.

· To introduce a new timer or reuse configuredGrantTimer.

Agreement:
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. 

· FFS: detailed mechanism.

Agreement:
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.  

In this contribution, some considerations on configured grant transmission for NR-U are discussed. 
2. Resource configuration 
In NR CG transmission, time domain resource is determined by periodicity, time domain offset, starting symbol and transmission duration based on the configured subcarrier spacing through RRC configuration. In FeLAA, the resource configuration periodicity is fixed to 40 subframes, a set of subframes used for autonomous uplink (AUL) transmission are indicated through 40 bits bitmap by RRC parameters and activated/deactivated by dynamic signalling. It is slightly preferred to follow FeLAA rules to enhance the resource configuration of CG-PUSCH in time domain for NR-U. 

Following FeLAA rules, the resource allocation unit for each bit could be changed from “subframe” to “transmission duration”, and the transmission duration could be pre-configured in RRC parameters. Figure 1 shows one example of time domain resource configuration with each bit indicating 4 slots.
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Figure 1: Example of bitmap based resource configuration in time domain

For a UE configured with AUL transmission in FeLAA, firstly the UE will be RRC configured with a set of subframes which may be used for AUL transmission. Those AUL subframes are activated and de-activated by a PDCCH command. The activation command also indicates PRB allocation, MCS, DMRS cyclic shift and orthogonal cover code to the UE. The UE may initiate an AUL transmission after receiving the activation command, or the UE may skip an AUL resource if there is no data in UL buffers. 

Similarly, for resource allocation in frequency domain for NR-U, dynamically indicated signaling along with activation command can be considered to achieve better multiplexing between scheduled PUSCH and CG-PUSCH.  
Proposal 1: RRC configured resource with bitmap indication in time domain and dynamically allocated resource in frequency domain can be considered for CG-PUSCH. 
3. UCI transmission
During the AUL transmission in FeLAA, UCI carried with some necessary demodulation information, i.e., UE selected HARQ ID, NDI, RV, UE ID, PUSCH starting/ending points, etc., are piggybacked on the AUL-PUSCH. eNB should correctly decode the UCI before it can demodulate AUL-PUSCH.

In FeLAA, DMRS is transmitted at the fourth symbol of each slot and UCI is mapped from the second symbol to the thirteenth symbol in one subframe in case the first symbol or the last symbol in the subframe is punctured for LBT purpose. Following the same philosophy, the first symbol and the last symbol within one CG-PUSCH duration should not be used to transmit DMRS or UCI. 
On the other hand, DMRS and UCI should be placed at the beginning of the transmission duration as much as possible for fast demodulation. Assume the transmission duration for CG-PUSCH is one slot, Figure 2 gives an example for DMRS and UCI mapping pattern for NR-U CG transmission. 
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Figure 2: Illustration of DMRS and UCI mapping pattern for CG-PUSCH 
Proposal 2: The first symbol and the last symbol within one CG-PUSCH duration should not be used to transmit DMRS or UCI for LBT purpose.

4. HARQ enhancement 
In the RAN1 #94 meeting, it is identified that being able to operate all UL signal/channels with the same numerology for a carrier is beneficial. So subcarrier spacing or BWP operation supported by scheduled PUSCH should also be supported by GC-PUSCH. CBG based HARQ-ACK feedback and retransmission are beneficial for PUSCH transmission in wideband operation, as discussed in our companion contribution [1], which should also be supported for CG-PUSCH transmission. 
Proposal 3: CBG based HARQ-ACK feedback for CG-PUSCH should be supported. 
5. DFI 
Downlink Feedback Information (DFI) including HARQ-ACK feedback should be transmitted to UE after demodulation of CG-PUSCH. If the HARQ-ACK feedback of one HARQ process is NACK, eNB may schedule a grant-based retransmission for the same HARQ process, or eNB may indicate the NACK information to UE so that UE could start the retransmission for the same HARQ process via the same configured grant resource for initial transmission.  

In FeLAA, DFI information for all the HARQ process are transmitted via PDCCH. However, unlike TB-based HARQ-ACK feedback in LTE, CBG-based HARQ-ACK feedback is introduced in NR and should be supported for NR-U CG-PUSCH, which would lead to a large feedback payload and would impact on the performance of PDCCH. 
To reduce the potential large HARQ-ACK payload for PDCCH, one option is to determine HARQ-ACK codebook semi-statically corresponding to CG-PUSCH resources within a pre-configured time window, as shown in Figure 3-a. Another option is to use dynamic HARQ-ACK codebook determination, in which case the UE should transmit uplink assignment index (UAI) information to eNB through UCI piggyback on CG-PUSCH to help eNB determine the corresponding HARQ-ACK codebook, as shown in Figure 3-b.
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Figure 3: DFI transmission for CBG-based feedback for CG-PUSCH 

Proposal 4: Study how to transmit DFI in PDCCH for CBG-based HARQ-ACK feedback for CG-PUSCH. 
6. Conclusions
In this contribution, some considerations on CG transmission for NR-U are discussed. The following proposals are made.
Proposal 1: RRC configured resource with bitmap indication in time domain and dynamically allocated resource in frequency domain can be considered for CG-PUSCH. 

Proposal 2: The first symbol and the last symbol within one CG-PUSCH duration should not be used to transmit DMRS or UCI for LBT purpose.

Proposal 3: CBG based HARQ-ACK feedback for CG-PUSCH should be supported. 
Proposal 4: Study how to transmit DFI in PDCCH for CBG-based HARQ-ACK feedback for CG-PUSCH. 
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