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Introduction
[bookmark: _Ref228947482]During RAN1#90 meeting, the following has been agreed for UL data transmission without grant. 
Agreements:
· Support using MAC CE as an acknowledgement for L1 signalling for activation/deactivation of Type 2 UL transmission without grant (similar/same behaviour as in LTE SPS).
· Regarding the RV determination for K repetitions including the initial transmission, further study following options including possible down-selection:
· For Type 1:
· Option 1: Fixed to
· 1-1: a single value
· 1-2: a RV pattern  
· Option 2: RRC configured
· 2-1: a single value
· 2-2: a RV pattern  
· For Type 2:
· Option 1: Same as Type 1
· Option 2: Based on the L1 signalling
· Repetition number K for Type 2 UL transmission without grant is down-selected from the following:
· Option 1: Only RRC signalling
· Option 2: Combination of RRC + L1 activation signalling
· At least when an UL grant is used for retransmissions of Type 1 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed.
· FFS how to determine the RNTI.
· For Type 2 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed for activation/deactivation and at least for re-transmission.
· FFS how to determine the RNTI. 

In this contribution, we share some more discussions on HARQ related issues including UE behavior under BS detection failure, potential hopping mechanisms over repetitions, and support of multiple HARQ processes. 
Discussion 
UE behavior under BS detection failure
In UL transmission without grant, the BS needs to blindly detect which UEs are performing transmission. According to agreements in RAN1 NR AH#2 meeting, RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). However, identification failure is still quite possible, i.e., the BS completely fails to identify a UE. In this case, the BS will not feedback any ACK/NACK at least for the UE initial transmission. From the UE side, the UE has performed transmission but not received any ACK or NACK. Due to lack of information on the previous transmission, the BS cannot perform HARQ IR combining anyway. Therefore, it would be reasonable to let the UE only repeat the previous transmission instead of transmitting with a new RV. 
Proposal 1: For UL data transmission without grant, the UE will repeat the previous transmission when neither ACK nor NACK is received.
Hopping over repetitions
Collisions are inevitable for UL transmission without grant when physical resources are shared among UEs. Since collisions are likely to result in reception errors, they should be avoided or reduced with best effort. As exemplified in Figure 1, even if the initial transmissions collide, the retransmission/repetition collisions in frequency and/or time domain can be avoided. 


a) ReTx collision avoided in frequency domain      b) ReTx collision avoided in frequency and time domain
Figure 1. Illustration of hopping over repetitions
To achieve the desired results shown in Figure 1, one way could be making the UE transmissions follow certain hopping patterns [1]. The resources for repetitions can be determined in a pseudo-random manner. The principle of pseudo-randomness has been used in LTE. For example, the PDCCH search space is determined pseudo-randomly by using Yk which is a recursive function related to RNTI and subframe index k. Similar methods can be used to obtain the repetition hopping patterns. For URLLC, preferably different UEs will have different DM-RS sequences and/or UE IDs. Therefore, DM-RS ID and/or UE ID can be used to generate Yk. If a transmission occurs at the time and frequency resource k, then the corresponding calculated Yk can be used to determine the next repetition resource for example using: . Here kr is an index within the R available resources for the repetition. Constraints may be put onto R to make the whole transmission complete within the required latency. For determining hopping patterns implicitly, signaling overhead can be saved.
Proposal 2: The time/frequency index of the first detected grant-free transmission and the UE ID can be used to determine hopping patterns for any repetitions.
Support of multiple HARQ processes
In RAN1 NR AH#2 meeting, it has been agreed that NR supports more than 1 HARQ process for UL transmission without grant. To support multiple HARQ processes, a UE needs to identify the HARQ process ID. More specifically, a UE needs to know which TB is being scheduled for retransmission or acknowledged when receiving a UL grant. In the following, we only discuss the case where the timing between PUSCH and ACK/NACK is not fixed. The following characteristics make it difficult to reuse LTE solutions.
· The HARQ process number cannot be derived from the timing as in LTE UL HARQ due to flexible HARQ timing. 
· The HARQ process number cannot be assigned by the BS from the beginning since there is no UL grant to schedule the initial transmission. 
· Letting the BS and the UE count and number the TBs independently will cause ambiguity if the BS fails to identify a certain TB from the UE. 
If UL grants are used to indicate ACK/NACK, new mechanisms are needed to associate a UL grant with its targeted TB. In LTE SPS, both the BS and the UE can derive the HARQ process ID based on the subframe number [2]. Similar principles can be considered for UL transmission without grant. For example, one method could be associating the UL transmission resource with the HARQ process ID and indicating it in the UL grant. As exemplified in Figure 2, a resource grid (red box) is formed w.r.t. the UL grant receiving instant, and a TB can be located by a resource index within this grid. By indicating the resource index in the UL grant, both the UE and the BS will have a common understanding on the referred TB. The size of the resource grid may depend on the maximum interval between a TB transmission and the corresponding UL grant. The frequency dimension is used to index a TB mainly from the consideration that a new TB may arrive and be transmitted during the repetitions of another TB as shown in Figure 3. If this is not allowed, then the resource index can be represented by the time dimension alone. 
[image: ]
Figure 2: Illustration of resource index indication for the TB corresponding to the HARQ ACK carried by an UL grant (w/o repetition)
[bookmark: _GoBack][image: ]
Figure 3: Illustration of resource index indication for the TB corresponding to the HARQ ACK carried by an UL grant (w/ repetition)
Another method could be associating different HARQ processes with different PUSCH DM-RS signatures. As one example, multiple DM-RS sequences can be configured to the UE, and each sequence indicates a HARQ process. Then both UE activity and HARQ process number can be identified by the BS. In the UL grant, the BS will notify the UE the HARQ process number.
Based on above analyses, we give the following proposal.
Proposal 3: To identify which TB is associated with a particular UL grant indicating ACK/NACK, the following alternatives can be considered
· Alt. 1: HARQ process number is signaled by the UL grant, where each HARQ process number is associated with a PUSCH time/frequency resource. 
· Alt. 2: HARQ process number is signaled by the UL grant, and different HARQ processes are associated with different PUSCH DM-RS signatures. 

Conclusions
In this contribution, we share our views on UL transmission without grant. Studies on how to support the HARQ are needed. Based on the analyses, we give the following proposals.
Proposal 1: For UL data transmission without grant, the UE will repeat the previous transmission when neither ACK nor NACK is received.
Proposal 2: The time/frequency index of the first detected grant-free transmission and the UE ID can be used to determine hopping patterns for any repetitions.
Proposal 3: To identify which TB is associated with a particular UL grant indicating ACK/NACK, the following alternatives can be considered
· Alt. 1: HARQ process number is signaled by the UL grant, where each HARQ process number is associated with a PUSCH time/frequency resource.
· Alt. 2: HARQ process number is signaled by the UL grant, and different HARQ processes are associated with different PUSCH DM-RS signatures
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