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1. Introduction

It was agreed to introduce Type 1 and Type 2 UL grant-free (GF) in NR Rel-15, and differences between Type 1 and Type 2 are generalized in [1]. In latest RAN1Adhoc meeting, the following conclusions are reached where repetition is specified [2]:

	Agreements:

· Multiple resource configurations for UL tx without UL grant can be configured to a UE 

· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission


In RAN2#99 meeting, RAN2 made progress towards Type 1 GF [3]:

	Agreement

=>For UEs in RRC_Connected mode, resources for “Type 1” resources are configured by dedicated RRC signalling


In particular, RAN2 discussed the HARQ procedure for UL GF and identified issues of HARQ procedure and HARQ process ID determination for GF transmission. 
In this contribution, we provide our considerations on Type 1 GF HARQ and transmission aspects in NR. In addition, MAC modeling for GF and configurations for Type 1 GF can be found in [1] [4], respectively.
2. Discussion
2.1. HARQ procedure
Due to the fact that non-adaptive retransmission has been removed for NR Rel-15, UE behaviour for HARQ operation after initial transmission of a TB needs to be well specified, as identified in last RAN2 meeting. 
To our understanding, it is a simple approach to introduce a window at the UE after GF transmission in order to specify the HARQ operations. Specifically, once the UE starts the Type 1 grant-free transmission, it could monitor the feedback for retransmission from the gNB within the period. If no feedback is received during the period of the window, UE shall consider the transmission as a success/failure. 
· Starting point of the window

Without repetition, the configured window can start after a period of duration, e.g. UL HARQ RTT timer so that the UE can start to monitor the potential feedback from the gNB. However, under the operation of repetitions, whether the window starts after the initial GF transmission or the last repetition needs to be further discussed. Upon successful decoding at the gNB, it is assumed to feedback to the UE. From this point, it is more reasonable to start the window after initial transmission, which has a unified framework of mentoring window regardless of repetition.
· Length of the window
The length of the window may depend on how long the gNB expects the UE to keep the HARQ buffer and the periodicity of the configured GF resources. If a small value of the length is used, it implies that gNB should be capable of completing the decoding and feedback within the short window. Otherwise, a large value shall be adopted. The length of window can be even larger than the periodicity of GF resources. In this case, the UE may skip the next available GF occasion associated with the same HARQ process after last transmission while it can be used by the others to mitigate the collisions. A configurable length of the window facilitates gNB to schedule grant-based retransmission once it detects collisions on GF occasions. Overall, the length of the window shall be configured at the UE. 
Proposal 1: A monitoring window can be started with a configurable length at the UE to monitor the feedback after the initial GF transmission on a HARQ process.

Given that URLLC is normally configured with RLC UM mode, if the resource is shared with another UE, the GF transmission  may fail upon the collision happens. Therefore the feedback for type 1 grant-free transmission is needed thereby impacting HARQ operation as well. In general, there are three possible options for feedback design as follows:

· Option1: gNB sends ACK feedback

· Option2: gNB sends NACK feedback

· Option3: gNB sends UL grant for retransmission
From the point of L1signalling overhead for feedback, it is straightforward to have only one option between option 1 and 2. In case both DMRS and data from the UE are unsuccessful in decoding at the receiver side, gNB will probably feedback nothing associated with this transmission. Hence, it is beneficial for the UE to assume “NACK” when ACK feedback is absent. Therefore, Option 1 is preferred over Option 2 from the perspective of reliability. In order to take full advantage of GF resource, the UE shall wait for GF resource to perform retransmission once ACK is not received within the window. Moreover, in case of collision case, gNB can switch some UEs to grant based retransmission and some UEs continue with the grant free retransmission with the same HARQ process. 
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Figure 1. Type1 grant-free transmission after UE specific configuration
HARQ procedure can be illustrated in Figure1 where the UE in active state first receives the dedicated RRC signalling including the Type 1 grant-free transmission parameters. Then, the UE initiates Type 1 grant-free transmission when URLLC data arrives. After initial transmission, the UE starts to monitor the potential ACK/UL grant at the beginning of the configured window. Moreover, if no dynamic grant indicating retransmission is received within this window, the UE shall continue grant free retransmission for higher reliability. When the retransmission number limit is reached or ACK is received before the end of window, UE shall initiate a new transmission. 
Proposal 2: If ACK/UL grant is not received after initial transmission, UE shall wait for GF resource to perform retransmission.
Proposal 3: When the maximum retransmission number reaches or ACK is received, UE shall initiate the new transmission with the associated HARQ process.
2.2. HARQ ID determination

In order to achieve the compatibility of scheduled HARQ procedure in NR, UE and gNB need to have the same understanding of the HARQ ID of the TB. gNB shall send the feedback for this HARQ processes or schedule HARQ retransmission if the grant free transmission fails. Also from the angle of reliability, UE and gNB need to be aware of the HARQ ID of the grant-free retransmission TB for the HARQ combination. 
1) one GF resource with no repetition
If multiple HARQ process is supported for grant free transmission, the UE can perform the grant free transmission on the available HARQ process. As illustrated in Figure 2, the mapping of HARQ ID to GF resources depends on the number of HARQ process number for GF as in LTE. 
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Figure 2. Initial transmissions on the fixed occasion with reserved HARQ process ID
In case of TDD mode, the grant free resource occasion maybe not continuous. In order to unify the HARQ ID calculation for TDD and FDD, the calculation should be irrelevant to the timing (e.g. TTI) but the resource index. Where GF resource index is an integer number counting the number of UL GF resource opportunities from the first available configured resource to the resource for an initial packet transmission. For example, HARQ process ID= floor (GF resource index) mod (maximum configured HARQ process) as in LTE.
2) one GF resource with repetition >1

After K (e.g. K=3) repetitions on one single resource configuration of a TB are done, the next GF resource is always mapped to a different HARQ process ID for the new transmission. In order to avoid the additional delay to wait the special occasion for initial transmission, UE can perform the initial transmission on any GF occasion.
The following repetitions should use the same HARQ ID as the one derived from the initial transmission. The mapping of HARQ ID to GF resources is associated with K. For example, HARQ process ID= floor (GF resource index/K) mod (maximum configured HARQ process).
· Op1, One way to keep the fixed number of repetition, the repetition crosses the occasion on another HARQ ID, as illustrated in Figure 3 where TB1 is transmitted on HARQ 1. 
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Figure 3 Initial transmissions on the flexible occasion

· Op2, Another way to constrain the ending of repetitions before the change of HARQ ID. In this case, the initial transmission can start at any time at the cost that the real number of repetitions may be less than K in Figure 3 where TB2 is transmitted on HARQ 0.
The fixed number of repetition before reception of ACK feedback takes advantage of reliability. Provided the repetition K configured at the UE, the network expects the requirement of reliability can be met by the K repetitions. Therefore it is more reasonable to support option 1. For option 1, the HARQ ID of a TB is determined by the GF resource of the initial transmission of the TB, thus it is important for the gNB to identify the first transmission of a TB. One possible way is to use different DMRS for the first transmission and the subsequent repetitions/retransmissions, respectively. 
Observation: RS can be used to differentiate the initial transmission and subsequent repetitions for the same TB.

Generally, the following principles of HARQ can be adopted for GF:

· The initial GF transmission occasions are flexible.

· The initial and following repetitions share the same HARQ ID.

· The number of repetition is fixed before reception of feedback.
Proposal 4: RAN2 assumes that the initial GF transmission occasions can be flexible and the number of repetition is fixed before reception of feedback.
Proposal 5:  HARQ process ID for a TB is determined according to RRC configured time-frequency resource index and K. i.e. HARQ process ID= floor (GF resource index/K) mod (maximum number of GF HARQ process), K >=1.
3) Multiple GF resources and repetition >1
As discussed in [4], in order to support the continuous new transmission on grant free resource, network configure multiple GF time-frequency resource sets, where each set of GF time-frequency resource is configured to have a predefined mapping to one or more HARQ processes.  
If multiple GF resource configurations are configured, UE is allowed to concurrently transmit data on multiple GF resources. An HARQ process ID offset can be added to each resource configuration as shown in Fig. 2 to avoid HARQ process ID conflict in different GF configurations. The HARQ process ID offset can be configured in RRC in [4]. 

Proposal 6: If multiple grant free resources are configured then the HARQ process ID for a TB is determined according to RRC configured time-frequency resource, K and HARQ ID offset. 
2.3. SR transmission
In NR, if GF resource is allocated for the transmission of URLLC service, normally, it is reasonable for the network to configure dense GF resources with a short period. By doing this, the latency requirement can be therefore ensured by using GF resources. In case both SR and GF are configured and available at the UE, how to handle SR with GF transmission needs to be addressed. 

If SR triggered by URLLC or MBB and GF occasion is somehow overlapped, the SR transmission will consume the additional transmit power thereby impacting the simultaneous GF transmission. As a result, SR shall not be transmitted. In case SR and GF occasion is not overlapped, if GF resource is available then UE can send the BSR triggering SR in the first available GF occasion. 

Proposal 7: If GF resource is available, the UE prefers to send the BSR triggering SR in the latest available GF occasion.
3. Conclusion
In this contribution, we provide our considerations on Type 1 GF HARQ and transmission aspects in NR and the following proposals and observation are concluded:
Proposal 1: A monitoring window can be started with a configurable length at the UE to monitor the feedback after the initial GF transmission on a HARQ process.

Proposal 2: If ACK/UL grant is not received after initial transmission, UE shall wait for GF resource to perform retransmission.

Proposal 3: When the maximum retransmission number reaches or ACK is received, UE shall initiate the new transmission with the associated HARQ process.

Observation: RS can be used to differentiate the initial transmission and subsequent repetitions for the same TB.

Proposal 4: RAN2 assumes that the initial GF transmission occasions can be flexible and the number of repetition is fixed before reception of feedback.

Proposal 5:  HARQ process ID for a TB is determined according to RRC configured time-frequency resource index and K. i.e. HARQ process ID= floor (GF resource index/K) mod (maximum number of GF HARQ process), K >=1.
Proposal 6: If multiple grant free resources are configured then the HARQ process ID for a TB is determined according to RRC configured time-frequency resource, K and HARQ ID offset. 
Proposal 7: If GF resource is available, the UE prefers to send the BSR triggering SR in the latest available GF occasion.
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