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1 Introduction

On RAN #80, a SI [1] was approved for NR URLLC including an objective: 

· Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot.

On RAN1 #94, following agreements were achieved for the configured grant transmission [2]: 

Agreements:

· Study further whether/how multiple active configured grants for a BWP of a serving cell.

· Identify potential specification impacts and options for both type 1 and type 2

· At least Activation/deactivation mechanism for Type2

· E.g., whether each configuration is activated/deactivated or multiple configurations are activated/deactivated

· Study how to support repetitions with multiple configurations for a BWP of a serving cell

· FFS HARQ process ID determination for both type 1 and type 2

· FFS other specification impacts for both type 1 and type 2

· Study the performance impacts

Agreements:

· Study further whether/how on ensuring K repetitions.

· Study further on PUSCH repetitions within a slot for configured grant.
On RAN1 #94b, following agreements were achieved for the configured grant transmission [3]: 

Agreements:

· To study further from at least the following:

· Option 1: multiple active configured grant configurations for a BWP of a serving cell

· Option 2: repetition(s) across the boundary of a period P

· Option 3: one transmission cross boundary of a period P 

· FFS the UE behavior when repetitions are collided with the resource which are not available for UL transmissions 

· Note: Switch grant free to grant based retransmission which is available in Rel.15

On RAN1 #95, following agreements were achieved for the configured grant transmission [4]: 

Agreements:

· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 

· FFS details

Agreement:

· One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant 

Agreements:

· For whether to support explicit HARQ-ACK for configured grant for UL, at least study further gNB’s missed detection performance of the PUSCH under configured grant

· Study how to resolve gNB’s missed detection if it is an issue 

· Study should take at least following into account:

· Companies report the false alarm target 

· Companies report the DMRS configuration assumptions

· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered

In this contribution, a revision of R1-1900681, a number of enhancements for grant free transmissions are discussed and proposed.
2 Potential aspects for enhancements
In Rel-15 NR, grant free transmission was introduced with a configurable period and a number of transmission occasions for repetition. Enhancements of latency and reliability were discussed but not handled due to limited time. In Rel-16 NR, the following enhancements can be considered for URLLC: 

Latency – upon the configured RV sequence, the UE may or may not be able to start transmitting on the first available transmission occasion. If the configured RV sequence is {0 3 2 1}, the transmission can only be started from the very first occasion in the period and as a result, the alignment latency could be up to one configured period long. If the configured RV sequence is {0 0 0 0}, the UE can start its transmission from any occasion so the alignment latency is less than one transmission occasion long but it must stop by the end of the configured period.
Reliability – the number of repetitions, K, is configurable, and a proper value is selected according to the target reliability. The problem is that the UE cannot finish K repetitions if the initial transmission is not on the first transmission occasion. Without K repetitions guaranteed, the required reliability cannot be satisfied. 
Flexibility to support different service types – there might be multiple services activated at the same time with different latency and reliability requirements. One configuration of grant free transmission may not be able to support all of them. 
It was agreed to support multiple active configured grant configurations at least for different service types and each configuration has different offset and periodicity so the UE can select one configuration according to the requirements of the service. Theoretically, the queuing latency can be reduced to one transmission occasion long with enough different configurations as illustrated in [5]. For multiple active configured grant configurations, if the same resource (time-frequency and/or codebook) is shared by different configurations, a solution is needed for the gNB to identify the corresponding configuration and if no resource is shared by any two configurations, the corresponding configuration can be identified by the associated resource but the problem is that more resources need to be reserved for one service with configured grant. 
Observation 1: with multiple active configured grant configurations, the same resource may be shared by different configurations to reduce the amount of reserved resources for CG and in that case, the HARQ process needs to be identified with a scheme different from the configured period used in Rel-15. 
2.1
HARQ identification 
Two options for the HARQ process identification are discussed below, one is to include a HARQ process ID in the data-associated UCI, and the other is to use a different DMRS sequence to assist the identification. 
2.1.1
Option #1 – with UCI
Similar as FeLAA with autonomous transmission, UCI including HARQ ID, potentially RV and UE ID can be transmitted together with each transmission. Since the period is no longer used for HARQ identification, the UE can start the initial transmission with the first coming transmission occasion with any RV sequence and the alignment latency is minimized to one transmission occasion long.  With RV included, the RV sequence configuration can be avoided and a RV can be dynamically selected by the gNB. 
Furthermore, the UE can continue the repetition until the target number of K repetitions is reached. The gNB can combine all K repetitions with the same HARQ ID before decoding. To avoid confusion due to lost repetitions (missed detection), a repetition count down can be added to the UCI so when asynchronous HARQ is used, the gNB can do the proper combination. With repetition count down included, an alternative way for the said RV is to be indicated implicitly, i.e., the RV value can be determined from a configured RV sequence with the repetition count down. Obviously, with this proposal, the K repetitions are guaranteed.  
Additionally, with the repetition count down included in UCI, the configuration of the number of K repetitions can even be skipped by allowing the UE to select a proper value of K according to the channel quality, packet size and/or service type, etc., for instance, the UE may choose to use a small number of repetitions if the packet to be sent is small. The dynamic HARQ-less repetition is supported in UL and the counterpart in DL is discussed in our companion contribution [6].
To sum up, the HARQ process can be identified by a HARQ process ID included in UCI which is transmitted together with each transmission, and additionally dynamic HARQ-less repetition can be supported by including the number of remaining repetitions in UCI too.

2.1.2
Option #2 – with DMRS flag
The drawback of the option with data-associated UCI is that the PUSCH reliability may be impacted due to the punctuation and power reduction. It can be considered to use a DMRS flag together with the configured period to identify the HARQ process. An example can be found in Figure 1, a period with 4 transmission occasions is configured, and the number of HARQ processes is two so according Rel-15, periods with even indices are used by HARQ process #0 and periods with odd indices are used by HARQ process #1. 
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Figure 1 Option #2 with DMRS flag
According to Rel-15, TB #1 can only be transmitted once as it has to stop by the end of the period. Option #2 uses a different DMRS sequence as a flag to mark the beginning of the set of K repetitions which can cross the period boundary, and the HARQ process is identified by the period in which the DMRS flag is detected. The RV sequence still needs to be configured and used in order in the set of repetitions. The set of K repetitions may or may not be pre-configured, and if it is not configured, the UE may select a proper value according to the channel quality, packet size and/or service type, etc., and the gNB can combine all repetitions from the one with DMRS flag to the last one before the next DMRS flag. 
To sum up, queuing latency can be reduced and K repetitions can be guaranteed by introducing a DMRS flag to mark the beginning of the set of K repetitions. Dynamic HARQ-less repetition can also be supported with this proposal. 
Proposal 1: To support the HARQ process identification, following options can be considered: 

· To introduce data-associated UCI with possible fields such as HARQ ID, repetition count down and possibly RV included
· To introduce a DMRS flag (a different DMRS sequence) to mark the beginning of K repetitions, which is used for the HARQ process identification and K repetitions may cross the boundary of the configured period

2.2
Early termination 

Early termination of configured grant was discussed in Rel-15 for the potential benefits such as reduced latency, reduced collision probability, reduced inter-cell interference and reduced UE power consumption. For a pre-configured number of repetitions, a TB could be received correctly before all the repetitions are received, an early indication of Ack could let the UE to flush the buffer of the existing TB and start the transmission of the next TB with a shorter latency, and with the average number of repetitions reduced, collision probabilities of both intra-cell and inter-cell, and UE power consumption can be reduced in average too. 
One concern of early termination is that if the number of repetitions is small, the latency of Ack indication may be too long to terminate the remaining repetitions. A scenario was discussed in [7] that when the number of UEs in the system is very large (in a scenario like factory) and each transmission requires a sufficient big number of RBs, multiple UEs may need to be multiplexed in time and in that case, there will be a time gap between two adjacent repetitions. The total repetition time is extended when multiple UEs are TDM multiplexed. 
Additionally, for the UL multiplexing between URLLC UEs and eMBB UEs, it is under evaluation between the power control option and the cancelation indication option as discussed in our companion contribution [8]. For the power control option, URLLC UEs and eMBB UEs transmit simultaneously on the same time frequency resources and the gNB receives overlapped signals from both with for example a multi-user detector, and it was clarified that the eMBB UEs will not be impacted which means that the power control may only be enhanced for the URLLC UEs. In the cell edge area, UE power is limited and it can be considered to further improve the reliability by increasing the number of repetitions. With more repetitions, the total repetition time is extended again. Considering first the total repetition time may be longer in some cases, and second, the Ack indication time is expected to be reduced with enhancements under discussion, more benefits of early termination can be expected for these cases. 
From efficiency point of view, the group common PDCCH can be considered for HARQ-ACK feedbacks of multiple UEs. Companies proposed to use implicit HARQ-ACK feedback instead such as fake uplink data scheduling. First it may cause DCI blocking when multiple UEs need to be addressed simultaneously which will in turn delay the feedback and second the fake uplink data scheduling may also waste uplink resources. Together the said benefits of implicit HARQ-ACK feedback may be wiped out.   
Proposal 2: it is proposed to support early termination for configured grant with explicit HARQ-ACK feedbacks
2.3
Frequency hopping

Frequency hopping can be considered to enhance the reliability of configured grant. Depending on the size of one repetition, the frequency can be hopped every one or more repetitions. Considering the initial repetition can start from any transmission occasion, a global hopping sequence can be used for those configurations of the multiple active configured grant configurations sharing same time-frequency resources, and each one may have the same hopping sequence but a different offset to make sure the frequency of a specific transmission occasion is fixed for all configurations. Additionally it may happen that a repetition may be postponed to a later transmission occasion due to collisions with for example, symbols indicated as DL by SFI, SRS or PUCCH symbols and once it happens, the number of effective diversities may be impacted with hops skipped. It can be considered to dynamically adjust the offsets of frequency hopping when there are skipped hops. 
For DFT pre-coded OFDM, continuous resources in frequency are required, independent frequency hopping between UEs may create discontinuous pieces within the bandwidth which will degrade the overall spectrum efficiency. Hopping sequences of different UEs may be coordinated by the gNB but once one UE’s hopping sequence is changed, it may impact several others. Therefore it is up to the gNB to decide whether/how to adjust the offsets of frequency hopping. 
Proposal 3: it is proposed to study the feasibility to support frequency hopping for configured grant with potential hop skipping taken into consideration.

3 Conclusions
Reliability and latency problems with the Rel-15 configured grant are discussed and based on our discussion, we have the following proposals:  

Observation 1: with multiple active configured grant configurations, the same resource may be shared by different configurations to reduce the amount of reserved resources for CG and in that case, the HARQ process needs to be identified with a scheme different from the configured period used in Rel-15. 

Proposal 1: To support the HARQ process identification, following options can be considered: 

· To introduce data-associated UCI with possible fields such as HARQ ID, repetition count down and possibly RV included

· To introduce a DMRS flag (a different DMRS sequence) to mark the beginning of K repetitions, which is used for the HARQ process identification and K repetitions may cross the boundary of the configured period

Proposal 2: it is proposed to support early termination for configured grant with explicit HARQ-ACK feedbacks

Proposal 3: it is proposed to study the feasibility to support frequency hopping for configured grant with potential hop skipping taken into consideration.
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