3GPP TSG RAN WG1 Meeting #95
R1-1812226
Spokane, USA, November 12th –16th, 2018

Agenda Item:
7.2.6.3
Source:
Huawei, HiSilicon

Title:
Enhanced UL configured grant transmissions
Document for:
Discussion and Decision

1 Introduction
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, i.e., Type 1 configured grant PUSCH transmission and Type 2 configured grant PUSCH transmission. In RAN1#94 and RAN1#94bis meetings, the following agreements were achieved for GF enhancements [2] [3] and Uu for V2X [3]:

Agreements achieved in RAN1#94 meeting:
· Study further on PUSCH repetitions within a slot for configured grant.

· 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

· Study further whether/how on ensuring K repetitions.

Agreements achieved in RAN1#94bis meeting:
· To study further from at least the following:

· Option 1: multiple active configured grant configurations for a BWP of a serving cell

· Option 2: repetition(s) across the boundary of a period P

· Option 3: one transmission cross boundary of a period P 

· FFS the UE behavior when repetitions are collided with the resource which are not available for UL transmissions 

· Note: Switch grant free to grant based retransmission which is available in Rel.15

Agreements achieved in RAN1#94bis meeting:
· For Uu for advanced V2X use cases, NR supports having multiple active UL configured grants in a given BWP in a given cell. 

According to the above agreements, in this contribution, we further discuss the GF enhancements on multiple active configurations, mini-slot based repetitions within a slot, and ensuring K repetitions. In addition, we also discuss other possible enhancements on explicit HARQ-ACK feedback, UE-specific frequency hopping, as well as GF2GB retransmission. 
2 General discussion

In RAN1#94b meeting, it was agreed to further study the following options to enhance the PUSCH transmission with configured grant:
· Option 1: multiple active configured grant configurations for a BWP of a serving cell

· Option 2: repetition(s) across the boundary of a period P

· Option 3: one transmission cross boundary of a period P 

For the first two options, in our view, they are not contradictory but can be complementary to each other for the support of URLLC traffic with more diverse applications and more stringent requirements on latency and/or reliability, and hence should be both supported in Rel.16 URLLC. Note that it has already been agreed to have multiple active UL configured grants in a given BWP for Uu for NR V2X [3].

During the offline discussion in last meeting, two use cases of multiple active configurations per BWP have been identified:
· Use case 1: to simultaneously support different services with different requirements on latency, reliability, packet size, and etc.

· Use case 2: to further reduce the queuing delay and accommodate more traffic even if all the ongoing services have similar requirements.

Both these two use cases should be supported and it’ll depend on gNB how to use the multiple active configurations. For example, if to support Use case 1, gNB can configure multiple configurations with different parameter settings such as different waveforms, different resource sizes, different MCS levels, and etc. This allows UE to choose a proper configuration to deliver a packet that best matches the service requirements. While for Use case 2, multiple active configurations can be configured with same parameter setting but with different time offsets to facilitate flexible start for low-latency transmission, as in LTE HRLLC.

With multiple active configurations, Option 2 can be further configured to meet the stringent requirement on reliability by ensuring K repetitions. For example, if the multiple active configurations are configured for Use case 1 and if the services have stringent requirements on both latency and reliability, considering the fact that one UE packet can arrive anytime in a period, repetitions of a TB should be allowed to cross a period boundary for more opportunities with flexible start transmission, for example, using a RV pattern of {0000} or {0303} in Rel. 15, such that the high reliable transmission can be achieved with the low latency window. On the other hand, in case the multiple active configurations are configured for Use case 2, as different time offsets can provide more opportunities for low-latency transmission, one may argue that in this case configuring RV sequence of {0231} to let the repetitions start from the first TO in a period is enough for ensuring K repetitions. However, this is actually not true as one PUSCH transmission at a TO shall be omitted if the TO is not available due to e.g. symbol direction confliction or collision with a measurement gap. Thus, even if the repetitions start at the first TO in a period, the actual repetition number could also be smaller than K. Then in this case, Option 2 could also be applied to guarantee K repetitions. 
Detailed discussions on how to support multiple active configurations per BWP and how to allow K repetitions across a period boundary are given in Section 3 and Section 4, respectively.
For Option 3, we could probably understand it as transmitting only one PUSCH with no repetitions and the transmission can cross a period boundary. If this is the case, then Option 3 has no extra benefits compared to Option 2 but only complicates the design of configured grant PUSCH transmission. For example, in case the value of the periodicity is equal to or larger than one slot, allowing one transmission resource across a period boundary will introduce the PUSCH resource allocation reference issue as well as DMRS (currently associated with symbol index or indices within a single slot) configuration problems, thus increasing the complexity of both standardization and UE implementation. On the other hand, if the value of the periodicity is smaller than one slot, as will be discussed in Section 5, configuring fewer symbols for one repetition but with multiple repetitions across a period boundary is much better than configuring more symbols for only one repetition in terms of both latency and reliability. Based on the above analysis and also note that one PUSCH transmission instance is not allowed to cross the slot boundary for grant-based PUSCH [3], there is no need to further study Option3 for configured grant PUSCH transmission.
Observation 1: Option 1 (i.e. multiple active configured grant configurations for a BWP of a serving cell) can be combined with Option 2 (i.e. repetitions across the boundary of a period P) to simultaneously support different URLLC services with stringent requirements on both latency and reliability.
Observation 2: Compared to Option 2 (i.e. repetitions across the boundary of a period), Option 3 (i.e. one transmission across the boundary of a period) has no extra benefits; or it can complicate the design and incur significant specification impact if one single TO is configured to cross boundary of a period P.
Proposal 1: For both Type 1 and Type 2 PUSCH transmission with configured grant in Rel.16, multiple active configurations per BWP should be supported for both the following two use cases:

· Use case 1: to simultaneously support different URLLC services with different requirements on latency, reliability, packet size, and etc.

· Use case 2: to further reduce the queuing delay and accommodate more traffic even if all the ongoing URLLC services have similar requirements.

Proposal 2: For both Type 1 and Type 2 PUSCH transmission with configured grant in Rel.16, repetitions across a period boundary (Option 2) should also be supported in addition to multiple active configuration per BWP (Option 1).

3 Multiple active configurations per BWP
Based on the analysis in Section 2, to support multiple active configurations per BWP for a serving cell in Rel.16, the following issues and potential specification impacts need to be addressed:

· Higher layer parameters for each configuration

As one of the use cases is to simultaneously support different URLLC services with different requirements on latency, reliability, packet size, and etc., when multiple configurations are configured in a BWP, the higher layer parameters of those configurations should be configured in a configuration-specific manner, i.e., different configurations should be supported with different sets of higher layer parameters, including those defined in ConfiguredGrantConfig IE for GF transmission in Rel.15. 

In addition to the parameters defined in ConfiguredGrantConfig, to support multiple configurations per BWP in Rel.16, at least the following two parameters need also to be configured for each configuration of both Type 1 and Type 2 configured grant:

· Configuration index

A configuration index is used for the identification of a resource configuration. A resource index can be used, e.g., by Type 1 with higher layer signaling or by Type 2 with L1 signaling to release the resource indicated by it. Note that the resource configuration in Type 1 includes a full set of necessary transmission parameters, while the resource configuration in Type 2 includes only part of the necessary transmission parameters, so the activation with the configuration index in Type 2 will need to include more transmission parameters (e.g., frequency resource allocation, etc.). 

· HARQ ID offset

HARQ ID offset is used to distinguish the HARQ process IDs of different configurations. For example, if the maximum HARQ process number supported by each of two configurations is 4, and the offset values are 0 and 4 respectively, then the HARQ process IDs are 0-3 for one configuration and 4-7 for the other.

· Repetition construction

As different configurations can have different parameter settings such as different resource sizes, different MCS levels, etc., it is difficult for a UE to repeat a TB across different configurations (cross-configuration repetition). Moreover, the potential benefits of cross-configuration repetition are frequency diversity and interference randomization, which can be obtained by UE-specific frequency hopping instead. Taking the above into consideration, it is better to restrict the repetitions of a TB within one configuration.

Flexible start defined in Rel.15 is a key and yet efficient solution to guarantee a low-latency transmission, which can be applicable to Rel.16 to enhance the performance. 

Proposal 3: The following principles should be followed to support multiple active configurations in Rel.16 for both Type 1 and Type 2 configured grant:
· Different configurations should be supported to be configured with different sets of higher layer parameters

· In addition to the parameters defined in ConfiguredGrantConfig, at least a configuration index and a HARQ ID offset should be configured for each configuration

· A resource index can be used, e.g., by Type 1 with higher layer signaling or by Type 2 with L1 signaling to release the resource indicated by it

· Repetitions of a TB should be conducted within one configuration

4 K repetitions across a period boundary
The main purpose of not allowing the repetitions crossing a period boundary in Rel.15 is to avoid the potential ambiguity of HARQ ID calculation between UE and gNB, in case the gNB fails to identify the initial transmission of the TB. In this sense, if there is a way that can help the gNB to differentiate the initial transmission and the following repetitions, the K repetitions of a TB can cross a period boundary to improve the transmission reliability.

Note that transmission detection and UE identification are based on DMRS detection. Therefore, one possible way is to use different DMRSs for initial transmission and the following repetitions to facilitate the initial transmission identification. For example, as illustrated in Figure 1, a UE can be configured with two DMRSs, one (D1) is for initial transmission and the other (D2) is for the following repetitions. If the gNB detects at a TO the DMRS configured for initial transmission, i.e., D1, the gNB can identify the initial transmission at that TO successfully and count up to K transmissions in configured TOs among two resource periods. Though two HARQ IDs (derived based on NR Rel. 15) are involved, there will be no ambiguity on the K transmissions of one TB for the gNB in signal soft-combining as needed, where only one HARQ ID (e.g., first HARQ ID) can be used for ACK/NACK feedback.
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Figure 1 K repetitions crossing a period boundary

Proposal 4: To support repetitions across a period boundary for reliability enhancement, different DMRSs can be used for initial transmission and the following repetitions for initial transmission identification.
5 Mini-slot-based repetitions within a slot
5.1 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 TO is configured within a slot, on one hand, for latency-critical services with aperiodic traffic model (e.g., audio streaming for live performance with <1ms E2E latency requirement [5]), 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 [5]), 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, especially for 15 KHz SCS with 1ms slot duration.
Figure 2 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 discusses in Section 5.3, if one or more symbols that (is or) are not available for PUSCH transmission with 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 a 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 2(e) and Figure 2(f) respectively, if the first symbol in the slot is configured as downlink by SFI, similar to the case in Figure 2(c) and Figure 2(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 2 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 3: 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 5: For both Type 1 and Type 2 PUSCH transmissions with configured grant, more than one mini-slot-based repetition within a slot should be supported for Rel.16.
5.2 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 [6]. Given the first TO allocation in a period and for determination of the rest K-1 mini-slot-based TOs within the period, 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; it can simplify the design and minimize the specification work.
Based on the above discussions, we have the following proposals for the resource allocation of multiple mini-slot-based TOs within a period and the configuration indication of the mini-slot based (or the slot-based) repetition.
Proposal 6: For both Type 1 and Type 2 PUSCH transmissions with configured grant in Rel.16, the multiple TOs for mini-slot-based K (>1) repetitions within a slot are configured following the scheme below  

· 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 consisting of L consecutive symbols immediately follows the previous TO but without crossing a slot boundary.

Proposal 7: For both Type 1 and Type 2 PUSCH transmissions with 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).
5.3 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. To guarantee a reliable transmission, the omitted repetition can be postponed to the next available 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 [5].

Proposal 8: 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 postponed to the next available TO.
5.4 DMRS sharing for mini-slot repetitions

In Rel.15, the mini-slot repetitions are transmitted with a non-contiguous manner, and the DMRS is included in each of the repetitions to guarantee the decoding performance. In Rel.16, if the mini-slot repetitions can be transmitted in a back-to-back manner, it is possible to reduce DMRS overhead by DMRS sharing among multiple repetitions. E.g., the DMRS symbols for a part of TOs can be removed and the saved resources can be used for data transmission, so that the reliability can be further improved resulting from the increased data TO number or lowered coding rate for per TO as discussed in our companion contribution [7].

Therefore, it is beneficial to investigate the DMRS sharing mechanism, which have already been supported in LTE latency reduction and LTE URLLC, for UL configured grant transmissions. For example, for a cluster of back-to-back mini-slot PUSCH repetitions, DMRS is only included in the first PUSCH among them, while the remaining PUSCHs do not include DMRS, and can be decoded by using the DMRS of the first PUSCH.

Several issues for DMRS sharing should be further considered if it is supported for contiguous mini-slot repetitions. One issue is how to configure the DMRS position(s) within the repetitions. Another issue is that the DMRS cannot be shared for decoding a PUSCH if RF interruption occurs in between due to weakened phase coherency, thus it should guarantee that front-loaded DMRS should be included at the starting TO after resuming from an interruption as well as the initial transmission.

Proposa1 9: DMRS sharing mechanism should be studied for GF based contiguous mini-slot repetitions within one slot to reduce the DMRS overhead and thereby improving the reliability.
6 Other enhancements
· 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.
· For a UE (e.g., cell edge UE) experiencing quite poor channel/environment conditions (and note that the traffic can arrive and transmit anytime while gNB has no idea of this traffic before detection), it is very likely that the UE transmits a TB but fails to be detected by gNB entirely. In such case, the GF2GB retransmission as a NACK is not possible, thus a timer-out as ACK does not make sense in terms of guaranteeing a reliable transmission.   
Based on above analysis, to improve GF transmission performance, a HARQ-ACK indication is required to serve as an acknowledgement of positive or negative 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 the other 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 4: 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 10: For both Type 1 and Type 2 PUSCH transmission with 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.

· 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 half 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.
Proposal 11: Inter-repetition hopping for grant-free transmission can be supported using pseudo random pattern associated with each UE.
· GF2GB retransmission enhancement

In Rel.15, grant-based (GB) retransmission was agreed to improve transmission reliability. However, it is still not clear whether the GF2GB retransmission can also be repeated K times the same as the original 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 the retransmission can be applied to meet high-reliability requirement; while for latency-critical services, fewer repetitions for the retransmission can reduce the queuing delay of other packets from the same UE with relatively higher traffic arrival and good channel conditions.
In the sense of the above, dynamic indication of repetition number for GF2GB retransmission can be considered to improve the performance of UL GF in Rel.16. To achieve this, one way is to add a new field in DCI for dynamic indication of repetition number. However, this will increases L1 signaling overhead and need more specification work. Considering GF2GB retransmission can also use the RV sequence configured for initial transmission, it is not essential to indicate RV in GF2GB retransmission scheduling DCI anymore. Therefore, another way which introduces no extra L1 signaling overhead and needs less specification work is to use the RV indication field in GF2GB retransmission scheduling DCI to dynamically indicate the repetition number applied for GF2GB retransmission. For example, the four values of RV indication field can be used to indicate four different factors F (FFS the values of F), and the repetition number for GF2GB retransmission can be determined according to floor (K*F).
Proposal 12: For both Type 1 and Type 2 PUSCH transmission with configured grant in Rel.16, dynamic indication of repetition number for GF2GB retransmission can be supported to improve the performance of PUSCH transmission with configured grant.
7 Conclusion 
In this contribution, we discuss the enhancements for PUSCH transmission with configured grant. Observations and proposals are summarized below:
Observation 1: Option 1 (i.e. multiple active configured grant configurations for a BWP of a serving cell) can be combined with Option 2 (i.e. repetitions across the boundary of a period P) to simultaneously support different URLLC services with stringent requirements on both latency and reliability.

Observation 2: Compared to Option 2 (i.e. repetitions across the boundary of a period), Option 3 (i.e. one transmission across the boundary of a period) has no extra benefits; or it can complicate the design and incur significant specification impact if one single TO is configured to cross boundary of a period P.
Observation 3: 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 4: 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 transmission with configured grant in Rel.16, multiple active configurations per BWP should be supported for both the following two use cases:

· Use case 1: to simultaneously support different URLLC services with different requirements on latency, reliability, packet size, and etc.

· Use case 2: to further reduce the queuing delay and accommodate more traffic even if all the ongoing URLLC services have similar requirements.

Proposal 2: For both Type 1 and Type 2 PUSCH transmission with configured grant in Rel.16, repetitions across a period boundary (Option 2) should also be supported in addition to multiple active configuration per BWP (Option 1).

Proposal 3: The following principles should be followed to support multiple active configurations in Rel.16 for both Type 1 and Type 2 configured grant:

· Different configurations should be supported to be configured with different sets of higher layer parameters

· In addition to the parameters defined in ConfiguredGrantConfig, at least a configuration index and a HARQ ID offset should be configured for each configuration

· A resource index can be used, e.g., by Type 1 with higher layer signaling or by Type 2 with L1 signaling to release the resource indicated by it

· Repetitions of a TB should be conducted within one configuration

· Flexible start defined in Rel.15 should be supported for repetitions in each configuration

Proposal 4: To support repetitions across a period boundary for reliability enhancement, different DMRSs can be used for initial transmission and the following repetitions for initial transmission identification.
Proposal 5: For both Type 1 and Type 2 PUSCH transmissions with configured grant, more than one mini-slot-based repetition within a slot should be supported for Rel.16.
Proposal 6: For both Type 1 and Type 2 PUSCH transmissions with configured grant in Rel.16, the multiple TOs for mini-slot-based K (>1) repetitions within a slot are configured following the scheme below  

· 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 consisting of L consecutive symbols immediately follows the previous TO but without crossing a slot boundary.

Proposal 7: For both Type 1 and Type 2 PUSCH transmissions with 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 8: 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 postponed to the next available TO.
Proposa1 9: DMRS sharing mechanism should be studied for GF based contiguous mini-slot repetitions within one slot to reduce the DMRS overhead and thereby improving the reliability.
Proposal 10: For both Type 1 and Type 2 PUSCH transmission with 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 11: Inter-repetition hopping for grant-free transmission can be supported using pseudo random pattern associated with each UE.
Proposal 12: For both Type 1 and Type 2 PUSCH transmission with configured grant in Rel.16, dynamic indication of repetition number for GF2GB retransmission can be supported to improve the performance of PUSCH transmission with configured grant.
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