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Introduction
UL grant-free transmission was agreed for URLLC. And in RAN1 #88 meeting, the following agreements were made:
· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply
In this contribution, we present our considerations on the HARQ procedure for URLLC UL grant-free transmission, especially about the FFS listed above. In addition, the UE’s repetition transmissions are also discussed.
Acknowledgement indication
An Acknowledgement indication may be needed to terminate a repeat transmission if the gNB has successfully received the TB to save UE power and/or to reduce the interference to other UEs. In LTE, a PHICH is designed to carry such information to reduce the DL control overhead. Using an UL grant just to terminate the repetition transmission from the URLLC UE seems to be not efficient from the downlink control overhead point of view. In addition, the detection of an acknowledgement indicator may be simpler than the detection of a control channel, which seems to be more attractive for quick response to URLLC transmission. Therefore, an acknowledgement indication of successfully receiving a TB from gNB should be introduced.

If the acknowledgement indicator is introduced, the following options can be considered.
- Option-1: a LTE PHICH like channel
- Option-2: a sequence based signal

For Option-1, the PHICH defined in LTE can be a starting point. In LTE, the PHICH for a given UE is determined based on the PRB and cyclic shift of the DMRS corresponding to the UE’s PUSCH transmission. Similar design principle can be reused. If the gNB has successfully received a TB, the gNB may obtain the corresponding information about this transmission, such as the UE ID, the resource used for carrying this transmission, the DMRS used for this transmission, etc. Although the physical resources may be shared among multiple URLLC UEs, we assume the DMRS is unique for a given UE in the sharing resource pool. Therefore, even for UL grant-free transmission, if the gNB has successfully received a TB, a unique PHICH can be determined.

For Option-2, sequence based signal can be transmitted to inform the UE to terminate the repeat transmission. In this case, signal will only be transmitted when the gNB has successfully received a TB. Then, simple signal detection for the presence or absence is performed at UE side to decide whether to continue the repetitions or not. More details about the sequences based signal design can be FFS. 

Proposal 1: An acknowledgement indicator of successfully receiving a TB from gNB needs to be defined for UL URLLC grant-free transmission. 
UL grant consideration
The grant-free repeat transmission of UL URLLC can also be terminated by an UL grant. It is FFS whether it is possible and how to determine if the grant is for the same TB. A TB can be identified by its HARQ Process Number (HPN) and whether it is a new transmission or not is signalled by a control field named NDI. In current LTE, a toggled NDI mechanism is adopted. If the NDI is toggled, it implies a new transmission. For the grant-free transmission, if the HPN and the initial NDI are known between the gNB and UE, an UL grant including HPN and NDI can be used to trigger a new transmission or retransmission for the URLLC UE. For example, the HPN for the grant-free transmission can be determined based on the first transmission slot. And the initial NDI can be set to a default value known between gNB and UE if NDI is not present for such HARQ process, i.e., the soft buffer for this grant-free HARQ process has not been used before. Adaptive asynchronous UL transmission is agreed for NR. This can also be used for URLLC. Then an UL grant can be used to trigger a retransmission for the same TB if the NDI is not toggled and the HPN indicated in the UL grant is same as the initial grant-free transmission. 
Another possibility for the UE to determine the grant is for the same TB is based on the reception occasion of the UL grant. For example, if an UL grant is received within a predefined window, the UE may consider the UL grant is for the same TB. Figure-1 gives such an example. In this example, suppose the start time for the repetition is T0, and the repetition is configured with K=6. The predefined window is set as in the figure. Note that the predefined window size can be set considering the processing time and the configured value of K. if the UE receives an UL grant in T1. Because T1 is within the predefined window, the UE may consider the received UL grant is for the same TB as the repetition transmission.
[image: ]
Figure-1: example of the reception occasion of an UL grant
Proposal 2: It is possible to determine if the grant is for the same TB:
· Solution-1:
· The HPN for the grant-free transmission is determined based on the first transmission slot.
· A default NDI is set for the grant-free transmission if NDI is not present for such HARQ process.
· Solution-2:
· A predefined time window can be used to determine if the grant for the same TB.
Consideration on K Repetitions
It was agreed that the UE can be configured with K repetitions for a TB transmission. But the details about the K repetitions are still under discussions.
 Consideration on Hopping design
For the K repetitions transmission from URLLC UEs, hopping can be considered. Hopping is an effective way to solve the collision problem when resources are shared by multiple UEs. The collision would lead to severe cross-interference between UE signals on URLLC UL grant-free transmission. Hopping can randomize the collision relationship between UEs within certain time interval, thus avoiding persistent collision. It can also bring diversity gain on frequency domain. 

There are many factors needed to be considered for the hopping design, such as the number of RUs (Resource Units), the max number of UEs sharing the same RU, the recently used RU index, the recent hopping index or the current slot index, the information indicating recently used sequence, hopping pattern or hopping rule, etc. The sequence described above is the DMRS sequence or the spreading sequence. Some or all of these factors determine the next state during the hopping process.

Performance metrics are needed for the comparison of different hopping rules. Most hopping rules would lead to sequential state change within a cycle of hopping process. The changing cycle is an important performance metric. Other performance metrics include the max repetition number in all collision relationships per unit time, the complexity of the hopping pattern or rule, the configuration flexibility of the hopping pattern or rule, and so on. 

An example of hopping rule represented by its resource sharing states is shown in Figure-2 where there are 4 resource units. The max number of UEs sharing the same RU is 4. The hopping cycle is 4. The initial state before hopping and the state after the 4n-th hop is shown in Figure-2(a), where . Similarly, the state after the th,th, th hop is shown respectively by Figure-2(b/c/d). where . For example,  collide on  in Figure-2(a). After one hop,  collide on , as shown in Figure-2 (b). 

As can be seen from Figure-2, three-quarters of UEs go through all RUs during the hopping cycle. So, most UEs can obtain diversity gain on frequency domain. And collision randomization is well observed in one state change cycle. Such hopping rule has good configuration flexibility. The drawback of this hopping rule is that the hopping cycle is relatively short. 
[image: ]
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Figure-2: A hopping rule example, represented in a series of resource sharing states 

Proposal 3: Further study is needed for hopping design for URLLC UL grant-free transmission. Two design principles should be considered.
· The max repetition number in all collision relationships per unit time should be made as small as possible.
· The diversity gain of UEs on frequency domain should be ensured.
Consideration on repetitions 
Considering the rather stringent latency requirement, ACK/NACK-free K repetitions (similar to TTI bundling in LTE) for a TB has been supported. In order to improve resource efficiency for K repetitions, common resource pool can be considered for repetition where the resource pools for initial transmission and repetition are separately configured, and multiple resource pools for initial transmission can share the same resource pool for repetition. 
[image: ]
Figure-3: An example of common resource pool for 2 repetitions
For example, when K= 2, as shown in Figure-3, four resource pools for initial transmission share the same resource pool for repetition. The repetition of each initial transmission is weighted by a scalar and transmitted in common resource pool. This procedure is similar with time domain spreading with spreading sequences {[1, 1] [1, j] [1, -1] [1, -j]}. For more repetitions, longer spreading sequence can be used. Some preliminary link simulation was provided in [2]. Based on simulation results, it can be observed that compared with traditional repetition, common resource pool for repetition would not cause the loss of reliability depending on advanced receiver.

Proposal 4: common resource pool for repetition can be considered for K repetitions to improve the resource efficiency.
Conclusion
In this contribution, some issues relating to the HARQ for grant-free UL URLLC transmission are discussed. In summary, we propose:
Proposal 1: An acknowledgement indicator of successfully receiving a TB from gNB needs to be defined for UL URLLC grant-free transmission.
Proposal 2: it is possible to determine if the grant is for the same TB
· Solution-1:
· The HPN for the grant-free transmission is determined based on the first transmission slot.
· A default NDI is set for the grant-free transmission if NDI is not present for such HARQ process.
· Solution-2:
· A predefined time window can be used to determine if the grant for the same TB.
Proposal 3: Further study is needed for hopping design for URLLC UL grant-free transmission. Two design principles should be considered.
· The max repetition number in all collision relationships per unit time should be made as small as possible.
· The diversity gain of UEs on frequency domain should be ensured.
Proposal 4: common resource pool for repetition can be considered for K repetitions to improve the resource efficiency.
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(c) Resource sharing state after 2nd hopping

(d) Resource sharing state after 3rd hopping


image4.emf
 

1 j

1 j

1 j

1 j

-1

-j

-1

-j

-1

-j

-1

-j

4  resource pools 

for initial tx

One resource pool 

for repetition


image1.emf
Time

T0

T1

UL grant receiving 

occation

Predefined window


image2.emf
UE

0

UE

1

UE

2

UE

3

UE

4

UE

5

UE

6

UE

7

UE

8

UE

9

UE

10

UE

11

UE

12

UE

13

UE

14

UE

15

RU

0

RU

1

RU

2

RU

3

UE

4

UE

13

UE

10

UE

3

UE

0

UE

9

UE

14

UE

7

UE

12

UE

5

UE

2

UE

11

UE

8

UE

1

UE

6

UE

15

RU

0

RU

1

RU

2

RU

3

(a) Initial resource sharing state before hopping

(b) Resource sharing state after 1st hopping


