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Discussion and decision
1 Introduction
In RAN #80 a SI on enhanced URLLC [1] was approved with the following objectives: 

	URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements

· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

UL inter UE Tx prioritization/multiplexing 

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. (RAN1/RAN2)


This contribution considers enhancements to UL grant-free transmission. 
2 
UL grant-free in Rel-15

In Rel-15 NR, two types UL grant-free transmission schemes were introduced; with and without activation DCI. For both  schemes, a gNB can configure a UE with a transmission periodicity P and a number of repetitions K for a PUSCH transmission. The initial transmission of a transport block may start at any transmission occasion for the K repetitions that is associated with RV 0,  except for the last transmission occasion when K = 8. In addition, repetitions are not allowed to cross the boundary of the last transmission occasion. Moreover, a UE does not expect to be configured with a time duration for the transmission of K repetitions that is larger than a time duration derived by the periodicity P. Therefore, uplink transmission can start at any occasion but K repetitions cannot be ensured. 
Based on the analysis in [2], with 60 kHz and 15 kHz subcarrier spacing, P =2 symbols and 2 symbols UL grant, the latency is about ~0.4ms and ~0.8ms respectively, which can meet the requirement of 0.5ms~1ms. Since in Rel-15 only slot level repetition is supported, in order to achieve the latency of 0.5ms ~1ms level, K can only equal to 1. Reception reliability depends on the TBS for the target traffic and on the SINR.  
Observation 1#:  With UL grant of 2 symbols, periodicity P =2 symbols and repetition K =1, the latency requirement of 0.5ms~1ms can be met. 

Proposal #1: Evaluate reliability for target TBSs and as a function of SINR and analyse the latency based on the required transmission duration and grant-free configurations. 
3  Ensure K repetitions
In order to reduce latency based on the frame structure design, only the waiting time (frame alignment) can be reduced. Other complements depend either on transmitter or receiver capability or on SINR and TBS. As discussed in section 2, the initial transmission may start from any transmission occasion in UL grant-free with RV =0. Therefore, the configuration minimizing latency is periodicity P = TTI length =2 symbols, where the maximum waiting time is 2 symbols. If more than 2 symbols are required to for a PUSCH transmission to achieve a reception reliability requirement, transmission can be across the boundary of transmission periodicity in order to not increase the waiting time. 
If more than 1 HARQ processes are configured within one configuration, the ambiguity of HARQ process ID determination is an issue that needs to be solved.  As shown in Figure 1, one transmission occasion occupies 1 symbol and the periodicity is P = 2 symbols. If K =2 repetitions are needed, data is ready for transmission at first symbol, and the initial transmission is at the second symbol, the transmission will cross the boundary to the resource for HARQ process #1. Since the gNB does not know the actual start of the PUSCH transmission, the gNB may miss the first repetition and only detect the second repetition at the resource for HARQ process #1.

In order to avoid this issue, DMRS can be used to indicate HARQ process or the staring position of UL grant free transmission. In NR, up to 12 antenna ports are supported for PUSCH transmission. Pseudo-random sequence or ZC sequence is used for DMRS depending on the uplink waveform, where the initialization or root is based on scrambling ID configured by RRC.  Different DMRS sequences or different antenna ports can be used to indicate HARQ process ID or starting positions of UL grant free.  Since the antenna ports are orthogonal, the DMRS detection performance is not expected to degrade. Although using different seeds for initialization or different cyclic shift to generate different DMRS sequence may not be fully orthogonal, it might be easier to implement and have less specification impact.

Moreover, for the configuration of repetition K = periodicity P, there is no need to indicate the starting position of each transmission occasion because K repetitions will only occupy the resource for two HARQ processes regardless of the number of HARQ processes and the number of repetitions. Moreover, a limited number of antenna ports can reduce the false alarm rate. On the other hand, since UE can only transmit one uplink transmission, it is meaningless to configure K > P since the UE can start from any RV = 0 with an all 0 RV sequence. 
Observation #2: Using different antenna ports to differentiate HARQ processes is not expected to degrade the detection performance. 
Observation #3: Configuration K ≤ P can provide shortest latency and enough flexibility by allowing a transmission to start from any TTI. 

Observation #4: Two DMRS sequences or antenna ports are sufficient to solve the ambiguity issue of HARQ process ID.  
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Figure 1: UL grant-free with P < K
Another alternative is that only one HARQ process is configured in each configuration and an initial transmission can start from any TTI. However, a UE needs to wait for a timer to expire in order to reuse a resource for a same HARQ process. If there is another URLLC TB during the timer, the UE needs to wait until the timer expires. Then, more than one configuration for UL grant-free can be configured to the UE, each with one HARQ process, and the initial transmission can start from any transmission occasion. It is up to the gNB how to configure overlapped or non-overlapped time-frequency resources for different configurations. 
Similarly, it is can also consider supporting more than one grant-free configurations as in LTE HRLLC. In each TTI, only one UL SPS(UL grant free) can be activated. For example, gNB can limited starting subframe in each configuration with RV sequence as {0, 2, 3, 1} and the first transmission occasion can be configured to different symbol. Shown as Figure 2, the first transmission occasion in each configuration for UL grant-free have an offset.  So that, no matter when the traffic data arrived, UE can start transmission immediately without extra waiting time. Similarly, it is up to gNB to configure overlapped or non-overlapped time-frequency resource. 
Observation #5: Multiple configurations in one BWP can also ensure K repetitions without additional waiting time. 
Proposal #2: Further study methods to ensure K repetition without additional waiting time, including:

· Allow repetitions across the boundary of periodicity and the method to differentiate HARQ processes;

· Support more than one grant-free configuration within one BWP.   
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4 HARQ-ACK mechanism
In Rel-15, a UE assumes ACK either when it receives an UL grant with NDI toggle or when the timer expires. However, if the UE misses reception of a NACK in an UL grant, the UE will assume ACK and flush the buffer after the timer expires while the gNB expects a PUSCH transmission on the configured grant and cannot know that the UE missed the detection of NACK. If the timer is long enough for the gNB to schedule another UL grant, the UE can have another chance to detect for NACK via DCI. If the UE misses reception of ACK, UE will wait until the timer expires. With configuration of multiple HARQ processes, missing ACKs is not expected to increase latency. However, since the timer may also affect support of multiple HARQ processes, it is suggested to further study HARQ-ACK mechanisms to ensure K repetitions. 
Proposal #3: Study HARQ-ACK mechanisms to ensure K repetitions with single and multiple HARQ processes. 
5 Conclusions
In this contribution, potential enhancements of UL grant-free are discussed and following proposals were made based on the observations:
Proposal #1: Evaluate reliability for target TBSs and as a function of SINR and analyse the latency based on the required transmission duration and grant-free configurations. 
Proposal #2: Further study methods to ensure K repetition without additional waiting time, including:

· Allow repetitions across the boundary of periodicity and the method to differentiate HARQ processes;

· Support more than one grant-free configuration within one BWP.   
Proposal #3: Study HARQ-ACK mechanisms to ensure K repetitions with single and multiple HARQ processes. 
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