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1 Introduction
In Rel.15, essential functions to support uplink grant-free (GF) transmission, i.e., Type 1 configured grant and Type 2 configured grant, have been specified. However, due to limited time budget, many enhanced configured grant operations such as the support of explicit HARQ-ACK feedback, ensuring K repetitions, multiple active configurations, etc. were not fully discussed.
To better support URLLC in Rel.16, which has more stringent requirements on both latency (in the order of 0.5 to 1ms) and reliability (up to 1E-6 level) [1], enhancements would be needed for uplink grant-free transmission. The contribution provides our views on the potential enhancements for uplink GF transmission, mainly focusing on mini-slot-based repetitions within a slot, explicit HARQ-ACK feedback and ensuring K repetitions. In addition, the contribution also provides some brief discussion on multiple active configurations, UE-specific frequency hopping, as well as GF2GB retransmission enhancement. 
2 Mini-slot-based repetitions within a slot
2.1 Necessity and benefits of mini-slot-based repetitions 

It is argued that configuring more symbols in a slot for one repetition (slot-based repetitions with only one repetition within a slot) makes no difference than configuring fewer symbols for one repetition but with multiple repetitions within a slot (mini-slot-based repetitions). This is actually not true for the support of latency-critical services (e.g., URLLC services with <1ms E2E latency requirement) in terms of having more opportunities within a slot to deliver a packet timely upon its arrival. The reason is that, if only one transmission occasion (TO) is configured within a slot, on one hand, for latency-critical services with a-periodic traffic model (e.g., audio streaming for live performance with <1ms E2E latency requirement [2]), the traffic may arrive at any time within a slot and hence is very possible to miss the only transmission opportunity in a slot. On the other hand, for latency-critical services with periodic traffic model (e.g., motion control with 0.5ms E2E latency requirement [2]), one can argue that the resource periodicity can be aligned with the traffic arrival periodicity, however, due to slot format (re)configuration (e.g., triggered by SFI), the only transmission opportunity in a slot is probably not always available. Either of the above two cases will delay the delivery of the packet to the next slot(s) and introduce unexpected queuing delay (compared to the short E2E latency), especially for 15 KHz SCS with 1ms slot duration.
Figure 1 shows an example with performance analysis to further illustrate the benefits of mini-slot-based repetitions discussed above. In Figure 1(a), two mini-slot-based TOs for the transmission of two repetitions of one TB (Option A) are allocated and in Figure 1(b), only one TO (Option B) is allocated. Between the two options, Option A provides more opportunities to support low latency data transmission due to the following reasons:

· As discussed above, it is possible that the packet arrival misses the first several symbols in a slot. In this case, with multiple TOs in one slot, even if the packet arrival misses the first TO, the packet can still be delivered timely by the remaining TO in the slot. For example, as shown in Figure 1(c) and Figure 1(d) respectively, if the packet arrives at the first half of the slot, for Option A, there is still one TO (the 2nd TO) that can be used for the transmission of the packet in the slot; however, for Option B, the UE shall miss the only transmission opportunity in the slot and have to delay the transmission of the packet to the following slots or even drop the packet, neither is good for latency-critical URLLC services.

· As will be discussed in section 2.3, if one or more symbols that (is or) are not available for PUSCH transmission with a configured grant in a TO due to a SFI configuration, the UE shall not transmit the PUSCH at the TO. In this case, with multiple TOs in one slot, even if some of the TOs are unavailable due to semi-static or dynamic slot format reconfigurations, there is still chance for the UE to deliver the packet in the slot, which is very important for latency-critical URLLC services. For example, as shown in Figure 1(e) and Figure 1(f) respectively, if the first symbol in the slot is configured as downlink by SFI, similar to the case in Figure 1(c) and Figure 1(d), for Option A, the packet can still be delivered by the 2nd TO in the slot; but for Option B, the delivery of the packet needs to be delayed.
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Figure 1 Two resource allocation options within a slot

In the sense of the above, mini-slot-based repetitions can provide more opportunities within a slot for the delivery of a packet timely upon its arrival, which is very important to support URLLC services in Rel.16 with more stringent requirement on latency, and hence should be supported and specified in Rel.16.
Observation 1: Mini-slot-based repetitions can provide more opportunities within a slot to deliver a packet timely upon its arrival, and hence is a key approach to meet the stringent latency requirement of URLLC services with periodic or a-periodic traffic model in Rel.16.
Proposal 1: For both Type 1 and Type 2 PUSCH transmissions with a configured grant, more than one mini-slot-based repetition within a slot should be supported for Rel.16.
2.2 Resource allocation of multiple TOs within a slot
If both slot-based and mini-slot-based repetitions are supported for GF transmission, mechanism is needed to indicate which repetition scheme is applied. To achieve this, several ways can be considered. For example, the gNB can explicitly indicate the repetition scheme by introducing a new RRC parameter, or it can be implicitly determined according to the existing RRC parameters such as the periodicity P. For the latter case, as mini-slot-based repetitions within a slot are mainly used for low-latency transmission scenarios, it is of nature to use the value of the periodicity P to implicitly indicate whether or not to apply mini-slot-based repetitions, i.e., when P is no larger than a predefined value (e.g., one slot or K slots), mini-slot-based repetitions within a slot are applied; otherwise, slot-based repetitions are applied. 
Moreover, as one TO per slot is assumed for PUSCH mapping type A, it is not applicable to multiple repetitions within a slot. Different from PUSCH mapping type A, two or more mini-slot-based resources can be allocated within a slot for PUSCH mapping type B, thus the mini-slot repetitions within a slot is feasible and can be supported for PUSCH mapping type B.
For the resource allocation of multiple mini-slot-based K (>1) TOs within a period, the starting symbol of the first TO can be determined according to the rule defined in 5.8.2 of TS 38.321 [3]. Given the first TO allocation in a period, for determination of the rest K-1 mini-slot-based TOs within the period, to simplify the design and minimize the specification work, we propose that each of the following TOs is consecutive to the previous TO without crossing a slot boundary and has the same time duration of L consecutive symbols.
Based on the above discussions, we have the following proposals for the indication of the repetition scheme as well as the resource allocation of multiple mini-slot-based TOs within a period:
Proposal 2: For both Type 1 and Type 2 PUSCH transmissions with a configured grant in Rel.16, mini-slot-based K (>1) repetitions within a slot should be supported, where 
· UE determines the first mini-slot-based transmission occasion in each period to start in a symbol as defined in 5.8.2 of TS 38.321 and have a time duration of L consecutive symbols;
· Each of the other K-1 mini-slot-based transmission occasions in one period consists of L consecutive symbols to immediately follow the previous TO but without crossing a slot boundary.
Proposal 3: For both Type 1 and Type 2 PUSCH transmissions with a configured grant in Rel.16, the following options can be considered for indication of the repetition scheme in terms of either slot-based or mini-slot-based repetitions:

· explicit indication by introducing a new RRC parameter.
· implicit indication by comparing the resource periodicity P with a predefined value (FFS the value).
2.3 UE behavior with symbol conflict in a mini-slot-based TO
To simplify the design and minimize the specification work, for PUSCH transmission with a configured grant, if the UE determines the number of symbols available for the PUSCH transmission is smaller than L in a mini-slot-based TO (due to, e.g., SFI configuration), the UE does not transmit the PUSCH at the TO. The UE procedure for determining which symbols are available for PUSCH transmission with a configured grant follows the definition in subclause 11.1 of TS 38.213 [4].
Proposal 4: For both Type 1 and Type 2 PUSCH transmission with a configured grant in Rel.16, the UE determines the available symbols in a slot configuration according to subclause 11.1 of TS 38.213. If the UE determines the number of symbols available for the PUSCH transmission with a configured grant is less than L in a TO, the transmission at that TO is omitted.
3 Explicit HARQ-ACK feedback

In Rel-15 NR, a Timer-based HARQ-ACK feedback mechanism is introduced for UL GF transmission, where a UE shall assume ACK when a pre-defined Timer expires. This kind of implicit HARQ-ACK feedback mechanism can help to reduce the signaling overhead compared with explicit HARQ feedback based on an assumption that a small repetition number K is configured and the TB is with high probability to be successfully decoded. However, as the requirements on latency and reliability (as high as 99.9999% or up) are more stringent for URLLC in Rel.16, such an implicit HARQ-ACK feedback mechanism is not applicable anymore due to at least the following reasons:
· To achieve very high reliability of URLLC traffic, some (especially cell edge) UEs may be configured with a relatively large repetition number K. However, due to the channel variations, it is possible that one TB of a UE can be successfully decoded after the reception of first several repetitions. As a result, if not stopped, the rest of the K repetitions of the UE will not only delay the transmission of other packets from the UE but also cause interference to other UEs sharing the same T/F resources, incurring degraded detection performance of the other UEs.
· Even if a UE finishes the K repetitions of a TB, the UE is not able to flush the corresponding HARQ buffer timely and use the HARQ process to start the transmission of a new packet until the Timer expires. This will degrade the low-latency performance of URLLC.
Based on above analysis, to improve GF transmission performance, a HARQ-ACK indication is needed to serve as an acknowledgement of successful decoding of a TB. To achieve this, both group DCI and UE-specific UL grant can be considered for the delivery of HARQ-ACK indication: 

· In case of using UE specific DCI, for example, for Type 1 configured grant, a DCI scrambled with CS-RNTI carrying NDI=0 can be used for indicating ACK; while for Type 2 configured grant, a DCI scrambled with CS-RNTI carrying NDI=0 and without special fields setting for activation validation can be used for ACK indication.

· In case of using group common DCI, there could be two different ways to implement it. One is to have a format similar to LTE DCI format 3/3A, where the location of each UE is identified using the UE position index. If multiple HARQ processes are used for each UE, the HARQ process ID information can also be potentially included in the UE position index for group DCI. Another approach is to have a GF group RNTI associated with the GF transmission resources (e.g. as a function of at least the time unit) like a RA-RNTI. For this scenario, the UEs access the same GF resources are considered in a same group for group DCI. The group DCI may still use a bit map format. The advantage of such an approach is that, unlike the other approach where the group of UEs are preconfigured in RRC, the UE group does not have to be defined in advance, which matches better with actual GF transmission as the group of UEs accessing the same GF resources may change over time.
With explicit HARQ-ACK feedback, on one hand, repetitions can be early-terminated by ACK in case the TB is early-decoded successfully. On another hand, UE can timely flush the HARQ buffer and use the HARQ process for the transmission of a new packet upon the reception of the ACK indication before the Timer expires. Moreover, if the UE receives no early ACK or UL grant when a GF transmission timer expires, the UE can assume NACK to trigger an autonomous retransmission of the TB to meet the reliability requirement.
Based on the above analysis, we have the following observation and proposal for explicit HARQ-ACK feedback:
Observation 2: Explicit HARQ-ACK feedback can facilitate early-termination of the repetitions and also trigger the flush of the HARQ buffer timely for the delivery of new packets, thus can improve both latency and reliability performance for URLLC.
Proposal 5: For both Type 1 and Type 2 PUSCH transmission with a configured grant, explicit HARQ-ACK feedback during or after K repetitions should be supported f Rel.16.

· Both group common DCI and UE-specific DCI can be considered for the delivery of HARQ-ACK indication.
· NACK can be assumed if no ACK or UL grant for retransmission scheduling is received when a grant-free transmission timer expires; a grant-free retransmission can be performed by a UE upon NACK.
4 Ensuring K repetitions

In Rel-15 NR GF, the transmission of a TB with repetition can start at a TO associated with RV0 in a period but must end at the last TO in the same period [5]. Flexible start of the repetitions can help to reduce the queuing time of a TB while ending at the last TO can remove the ambiguity on HARQ ID calculation even if some of the repetitions are miss-detected. However, when the repetitions of a TB start at the TOs other than the first TO within a period, the actual repetition number of the TB will be less than the configured number K, which may cause reliability issue especially for reliability-critical services. In this sense, to guarantee a low-latency and yet reliable transmission, repetitions should be continued in time as long as the repetition number hasn’t reached K and no early ACK or UL grant is received.
Proposal 6: For both Type 1 and Type 2 PUSCH transmission with a configured grant in Rel.16, to guarantee a low-latency and yet reliable transmission, repetitions should be continued in time as long as the repetition number hasn’t reached K and no early ACK or UL grant is received.
5 Other possible enhancements
· Multiple active configurations
To meet the various requirements of different URLLC services simultaneously, multiple active configurations can be considered to be supported in Rel.16. With multiple active configurations, when a packet arrives, UE can choose a proper configuration to deliver the packet which best matches the requirements on latency, reliability, packet size, and etc. Furthermore, multiple active configurations can also help to reduce the queuing time of a packet. For example, when configured with different time-domain offsets, multiple active configurations can provide more opportunities for the flexible start of the delivery of a packet; or the UE can use another configuration to deliver a new packet if some packet is still ongoing on one configuration. To make sure the HARQ IDs of different configurations would not overlap, a distinguishable HARQ ID offset value can be configured for each of the configurations.
· UE-specific frequency hopping
Inter-repetition frequency hopping can help to improve GF transmission reliability in terms of avoiding persistent collisions during repetitions, in case two or more UEs start to transmit in the same T/F resources. In Rel.15, inter-slot frequency hopping with only two hops is supported for multi-slot PUSCH transmission, and collisions on at most haft of the K repetitions can be avoided if the collided UEs are configured with different frequency offsets. However, as the reliability requirement for Rel.16 URLLC is more stringent (up to 1E-6 level), enhancement on inter-repetition frequency hopping to further reduce the collision probability can be considered, e.g., to generate a UE-specific hopping pattern with more hops using a pseudo random sequence initialized by a function of UE ID. Note that this could also apply to mini-slot-based repetitions if mini-slot-based repetitions are supported in Rel.16.
· GF2GB retransmission enhancement
In Rel.15, grant-based (GB) retransmission/repetition was proposed to improve transmission reliability. However, it is still not clear whether the GF2GB retransmission can also apply the same repetition number K that is configured for GF transmission. 
In general, there would be no big problem for GF2GB retransmission to also repeat K times as the initial transmission. However, as the repetition number K is semi-statically configured and is not able to be frequently changed to follow the channel variations, allowing GF2GB retransmission to apply a different repetition number could be more flexible to meet different requirements in different situations. For example, when the UE is experiencing a bad channel condition, more repetitions for retransmission can be applied to meet high-reliability requirement. While for latency-critical services, less repetitions for retransmission can reduce the queuing delay for the delivery of other packets from the same UE to meet low-latency requirement.  
In the sense of the above, dynamic reconfiguration of repetition number for GF2GB retransmission can be considered to be supported to improve the performance of UL GF in Rel.16.
Proposal 7: For both Type 1 and Type 2 PUSCH transmission with a configured grant in Rel.16, the following enhancements can be considered to meet the latency and reliability requirements of URLLC:

· Multiple active configurations
· UE-specific frequency hopping

· GF2GB retransmission enhancement
6 Conclusion 
In this contribution, we discuss the enhancements for uplink GF transmission. Observations and proposals are summarized below:
Observation 1: Mini-slot-based repetitions can provide more opportunities within a slot to deliver a packet timely upon its arrival, and hence is a key approach to meet the stringent latency requirement of URLLC services with periodic or a-periodic traffic model in Rel.16.
Observation 2: Explicit HARQ-ACK feedback can facilitate early-termination of the repetitions and also trigger the flush of the HARQ buffer timely for the delivery of new packets, thus can improve both latency and reliability performance for URLLC.
Proposal 1: For both Type 1 and Type 2 PUSCH transmissions with a configured grant, more than one mini-slot-based repetition within a slot should be supported for Rel.16.

Proposal 2: For both Type 1 and Type 2 PUSCH transmissions with a configured grant in Rel.16, mini-slot-based K (>1) repetitions within a slot should be supported, where 
· UE determines the first mini-slot-based transmission occasion in each period to start in a symbol as defined in 5.8.2 of TS 38.321 and have a time duration of L consecutive symbols;
· Each of the other K-1 mini-slot-based transmission occasions in one period consists of L consecutive symbols to immediately follow the previous TO but without crossing a slot boundary.
Proposal 3: For both Type 1 and Type 2 PUSCH transmissions with a configured grant in Rel.16, the following options can be considered for indication of the repetition scheme in terms of either slot-based or mini-slot-based repetitions:

· explicit indication by introducing a new RRC parameter.

· implicit indication by comparing the resource periodicity P with a predefined value (FFS the value).
Proposal 4: For both Type 1 and Type 2 PUSCH transmission with a configured grant in Rel.16, the UE determines the available symbols in a slot configuration according to subclause 11.1 of TS 38.213. If the UE determines the number of symbols available for the PUSCH transmission with a configured grant is less than L in a TO, the transmission at that TO is omitted.
Proposal 5: For both Type 1 and Type 2 PUSCH transmission with a configured grant, explicit HARQ-ACK feedback during or after K repetitions should be supported f Rel.16.

· Both group common DCI and UE-specific DCI can be considered for the delivery of HARQ-ACK indication.
· NACK can be assumed if no ACK or UL grant for retransmission scheduling is received when a grant-free transmission timer expires; a grant-free retransmission can be performed by a UE upon NACK.
Proposal 6: For both Type 1 and Type 2 PUSCH transmission with a configured grant in Rel.16, to guarantee a low-latency and yet reliable transmission, repetitions should be continued in time as long as the repetition number hasn’t reached K and no early ACK or UL grant is received.
Proposal 7: For both Type 1 and Type 2 PUSCH transmission with a configured grant in Rel.16, the following enhancements can be considered to meet the latency and reliability requirements of URLLC:

· Multiple active configurations
· UE-specific frequency hopping

· GF2GB retransmission enhancement
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