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Introduction
In the RAN1 #94 meeting，the following agreements on enhanced UL grant-free transmissions were reached [1].
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.
In this contribution, we mainly discuss grant-free HARQ-ACK feedback and PUSCH mapping type B scheduling schemes. The necessity of using mini-slot repetitions within a slot, ensuring K repetitions and frequency hopping is also analyzed. 
Enhanced HARQ-ACK feedback
In the UL grant-free transmission, gNB sends a UL grant for re-transmission only when the TB is not correctly decoded. For a UE, if the related UL grant is not detected within pre-determined time after the grant-free transmission, the transmitted TB is assumed to be successfully received. One of the issues is that the UE cannot distinguish gNB’s missing detection of the grant-free transmission and react it as a correct decoding at gNB side in the end of timer. The misunderstanding will result in higher layer data corruption and may take even longer time to recover. Some implementation based schemes such as reducing the threshold of missing detection could alleviate the issue. However, this will lead to the waste of downlink and uplink resource because of high false alarm. In our views, introducing an explicit ACK is a direct and efficient way.
Proposal 1：Explicit ACK should be introduced for UL grant-free transmission.
2.1  Synchronous explicit ACK Vs asynchronous explicit ACK
Synchronous explicit ACK means it has a fixed timing with the corresponding PUSCH. Asynchronous explicit positive ACK can function without that timing relationship. In NR, asynchronous HARQ is generally supported. However in Rel-15, synchronous positive ACK is actually used due to the timer mechanism for UE assuming a correct decoding in gNB side. UE’s NACK is done by UL grant which result in an asynchronous NACK scheme.
Given that the re-transmission is asynchronous, the time to re-transmit PUSCH is flexible. gNB will have to transmit explicit ACK on the predefined occasion in case the ACK is synchronous. It would not be an efficient way as the ACK could collides with other channels easily. In addition, it seems not possible to define the timing tables as LTE for all possible UL/DL configurations for TDD in NR. In our view, asynchronous ACK would be a proper choice for further complete grant-free mechanism with asynchronous HARQ. 
Proposal 2: Asynchronous ACK feedback for UL grant-free transmission should be supported. 
2.2  UE-specific based Vs Group-common based ACK 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Based on the above analysis of the necessity of explicit ACK, another point for further study is how to feedback explicit ACK to UE. Generally speaking, explicit ACK could feed back either by a group-common or UE-specific signal. A group common signal can include some bits of explicit ACK corresponding to a group of UEs. But for aperiodic traffic of URLLC, how to find this group of UEs having the similar packet arrival rate is difficult.   
[bookmark: OLE_LINK17]For large arrival interval, some users within the group signal have no transmitting data until feedback time. In such case, group common signal is similar to UE-specific signal. For small arrival interval, although most users within the group signal have PUSCH needed to feedback ACK, PDCCH candidate aggregation level is depended on the user with the worst channel performance. It may lead to high CCE overhead. Thus, we suggest adopting UE-specifc early ACK feedback.
Proposal 3: Adopt UE-specific signal for explicit ACK feedback for UL grant-free transmission.
2.3 Timer for grant-free HARQ feedback 
With the explicit positive ACK, it is still possible for missing detection of ACK. If the NACK is also undetected, UE would be possible considering the following:
a. gNB sent the ACK, but it is not detected by UE.
b. NACK (UL grant for re-transmission) is not detected by UE.
c. gNB did not detected the first PUSCH at all.
When that happen, UE have to decide how to response. A timer is necessary for UE further response. The existing timer scheme can be extended for that. After time-out, UE could transmit a new grant-free PUSCH. It is up to UE to transmit a new TB or re-transmit the previous TB through this PUSCH. This will keep the compatibility to the original grant-free operation.
Observation 1:  The existing timer scheme is still useful for missing detection of HARQ-ACK feedback. 
PUSCH mapping type B scheduling optimization 
3.1 Mini-slot repetitions within one slot
· The necessity of supporting mini-slot repetitions within a slot
In general, K time repetitions is used to improve the reliability of traffic transmission. It seems that one shot transmission with a long duration has similar reliability comparing with multiple short mini-slots repetition. So some companies were argued that one shot transmission with a long duration makes no difference than multiple short mini-slots repetition within a slot. Here we summarized three advantages for mini-slot repetitions. 
1) In current R-15 specification, the highest target reliability of MCS table is 99.999%. However, R-16 use case may require higher reliability, e.g. factory automation with 99.9999% reliability [2]. Then, either we define a new MCS table with reliability of 99.9999% or using multiple mini-slot repetitions without changing the MCS table. In our views, mini-slot repetitions is an easier way to go.
2) Multiple short mini-slot repetitions within a slot has more transmission opportunities to delivery traffic than one shot transmission with a long duration. That is mini-slot repetitions has a shorter time for frame alignment. For instance, the initial transmission could start from any transmission occasions for mini-slot repetitions with RV sequence {0, 0, 0, 0}.
3) Different mini-slot repetitions could use different transmission beams to obtain diversity gain, which is beneficial for reliability. It is not feasible for one shot transmission. 
Based on above the analysis, we prefer to support mini-slot repetitions within a slot for UL grant free.
Proposal 4: Mini-slot repetitions within one slot should be supported at least for PUSCH mapping type B.
· Distinguishing between the two transmission modes of  the configuration of K repetitions
In the case of K repetitions, gNB currently only informs the starting symbol and duration of the first transmission occasion (TO). But for the remaining K-1 TOs, the UE needs to further choose one of the transmission modes, i.e., either repeating the TB across K-1 consecutive slots or K-1 mini-slots within one slot. One straightforward way is to use RRC signalling to distinguish between the two transmission modes. 
Observation 2: Using RRC signalling to inform the UE to choose transmission modes between K repetitions across consecutive slots or K repetitions within one slot.
· Ensuring K repetitions
For mini-slot repetitions within one slot, the K repetitions may be unable to be transmitted always within one slot. As shown in Figure 1, only three TOs can be filled in the slot #n. Then, an issue is whether we should allow some of the repetitions could be across the slot boundary. For example, the fourth repetition can be transmitted in the next slot #n+1. In addition, we need define the first available UL/Flexible symbols. For instance, whether symbol #2 slot #n+1 could be used considering it may be used as a GP between DL-UL. 
Allowing the K repetitions across the slot boundary is certainly beneficial to the latency and reliability, but may make the case a bit complex. Further consideration is needed. 


Figure 1 K repetitions across the slot boundary.  
[bookmark: OLE_LINK3]Proposal 5:  To further investigate whether and how to allow K repetitions across the slot boundary. 
[bookmark: OLE_LINK5]3.2 Collision between transmission occasion and SFI
[bookmark: OLE_LINK6]If a UE is configured with grant free transmission, and the UE detects a DCI format 2_0 with a slot format value other than 255 indicating a slot format with a subset of symbols as ‘downlink’ or ‘flexible’, the following UE behavior is defined. 
· For RV sequence {0, 2, 3, 1}, the UE shall cancel the whole PUSCH if the first TO contains above ‘downlink’ or ‘flexible’ symbols,
· For RV sequence {0, 3, 0, 3}, the UE shall cancel the first two TOs if the first TO contains above ‘downlink’ or ‘flexible’ symbols. 
But this would be detrimental for URLLC reliability, and enhancement is needed here. One alternative is to allow the transmission of the remaining TOs if not collided with SFI. Take K = 4 as an example, Figure 2 shows that the UE detects a dynamic SFI indicating the set of symbols of TO = #1 as ‘flexible’. To avoid dropping the whole PUSCH transmission in such case, one way is to let the initial transmission start at the TO #2 corresponding to the earliest available UL symbols. The RV sequence should be also shifted accordingly for an easier gNB decoding. 


Figure 2 A case when the grant free transmission conflicts with the slot format indication
[bookmark: OLE_LINK4]Furthermore, K repetitions cannot be guaranteed if not all the TOs are utilized for transmission. This may lead to unguaranteed reliability for URLLC transmission and should be also avoided. If gNB notices that the collision will happen, a further enhancement is that gNB can configure additional TOs for UE in some ways to ensure the K repetitions. For example, if two TOs are useless due to collision, two additional TOs should be configured. Meanwhile, gNB should also guarantee the additional TOs should not be out of the latency boundary. 
[bookmark: OLE_LINK15]In order to ensure the K repetitions, another point for further study is whether and how to use a partial colliding TO. For example, if one TO contains four symbols while two of the symbols are collided with SFI. It may be still possible to transmit data on the remaining symbols.
Proposal 6: A new UE behavior should be defined if the TO collides with SFI, the following options can be considered:
· For RV sequence {0, 2, 3, 1} or {0, 3, 0, 3}, if the first TO collides with SFI:
· Allow the transmission of the remaining TOs which is not collide with SFI. RV0 is transmitted on the 
first available TOs.
· gNB can configure additional TOs for UE to ensure the K repetitions.
·  The additional TOs should not be out of the latency boundary.    
· [bookmark: OLE_LINK9]For a colliding TO,  FFS whether data can be transmitted on the remaining symbols which not collide with SFI  
3.3 Frequency hopping for inter-repetition
Frequency hopping can improve the performance of grant free transmission by getting the benefit of frequency diversity. But, for PUSCH mapping type B, frequency hopping for inter-repetition has not been fully discussed.
As listed in TS 38.214, the starting location of the initial transmission of a TB is configured by the transmission occasion and RV sequence:
· [bookmark: OLE_LINK12]For RV sequence {0, 0, 0, 0}, the initial transmission may start at any of the transmission occasions of the K repetitions. To ensure there always contains frequency hopping during the repetition transmission, the hopping boundary can occur at each repetition.
· [bookmark: OLE_LINK11]For RV sequence {0, 2, 3, 1}, data must be transmitted on the transmission occasion of RV=0. To reduce the transient period of power on/off and the RS overhead due to frequency hopping, it is better to only have two hops, e.g., the first hop is floor (K/2), the second hop is ceil (K/2), where K is the number of repetition.
· [bookmark: OLE_LINK7][bookmark: OLE_LINK10][bookmark: _GoBack]For RV sequence {0, 3, 0, 3}, the start location of the initial transmission may be any of the transmission occasions are associated with RV=0. It can have the same hopping pattern as RV sequence {0, 2, 3, 1}. However, if the initial transmission starts from the second TO with RV0, there might no hopping between the remaining repetition transmission. An example is shown in Figure 3-a. Another hopping pattern is shown in Figure 3-b, which always contains frequency hopping no matter the initial transmission starts from the first or second TO with RV0. 


       
Figure 3-a Hopping pattern 1                                            Figure 3-b Hopping pattern 2
Figure 3 Frequency hopping pattern for RV{0, 3, 0, 3}
Proposal 7: For the inter-repetition frequency hopping, the hopping pattern design can be based on the repetition number and the configured RV sequence, the following could be considered: 
· For RV sequence {0, 0, 0, 0}, hopping boundary can occur at each repetition.
· For RV sequence {0, 2, 3, 1}, the first hop is floor (K/2), the second hop is ceil (K/2), where K is the repetition number.   
· For RV sequence {0, 3, 0, 3}, hopping pattern need further study.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1:  The existing timer scheme is still useful for missing detection of HARQ-ACK feedback. 
Observation 2: Using RRC signalling to inform the UE to choose transmission modes between K repetitions across consecutive slots or K repetitions within one slot.
Proposal 1：Explicit ACK should be introduced for UL grant-free transmission.
Proposal 2: Asynchronous ACK feedback for UL grant-free transmission should be supported. 
Proposal 3: Adopt UE-specific signal for explicit ACK feedback for UL grant-free transmission.
Proposal 4: Mini-slot repetitions within one slot should be supported at least for PUSCH mapping type B.
Proposal 5:  To further investigate whether and how to allow K repetitions across the slot boundary. 
Proposal 6: A new UE behavior should be defined if the TO collides with SFI, the following options can be considered:
· For RV sequence {0, 2, 3, 1} or {0, 3, 0, 3}, if the first TO collides with SFI:
· Allow the transmission of the remaining TOs which is not collide with SFI. RV0 is transmitted on the 
first available TOs.
· gNB can configure additional TOs for UE to ensure the K repetitions.
·  The additional TOs should not be out of the latency boundary.    
· For a colliding TO,  FFS whether data can be transmitted on the remaining symbols which not collide with SFI  
Proposal 7: For the inter-repetition frequency hopping, the hopping pattern design can be based on the repetition number and the configured RV sequence, the following could be considered: 
· For RV sequence {0, 0, 0, 0}, hopping boundary can occur at each repetition.
· For RV sequence {0, 2, 3, 1}, the first hop is floor (K/2), the second hop is ceil (K/2), where K is the repetition number.   
· For RV sequence {0, 3, 0, 3}, hopping pattern need further study.
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