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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 last RAN1 meeting, the following agreements have been achieved on configured grant enhancements (other agreements achieved from RAN1#94 meeting to RAN1 NR_AH#5 meeting are listed in Appendix A):

Agreements achieved in RAN1 NR_AH#5 meeting:
· Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:

· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols

· Details of TBS determination

· What is different for scheduled PUSCH and configured grant?

· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?

· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc.), complexity, overhead, etc.

In this contribution, we mainly discuss the details and also the comparison of the two options for low-latency transmission, namely mini-slot-based repetition and multi-segment transmission. For multiple active configurations per BWP as well as ensuring K repetitions, detailed discussion can be found in our companion contribution [2]. For explicit HARQ-ACK, detailed discussion can be found in our companion contribution [3].

2 Low-latency transmission
To support extremely low-latency transmission for Rel.16 URLLC, the following two options have been proposed for both dynamic grant and configured grant PUSCH transmissions:
· Mini-slot-based repetition: two or more repetitions of a TB can be transmitted within one slot, or across slot boundary in consecutive available slots. 
· Multi-segment transmission: two or more repetitions of a TB can be transmitted in consecutive available slots with only one repetition in each slot and with possibly different starting symbols and/or durations. Different repetitions in different slots can be with different starting symbols and/or durations.
To fully understand the two options, in this section, we discuss further the details of the two options for configured grant, including the time-domain resource allocation, the TBS determination, as well as the comparison of the two options in terms of latency, reliability, complexity, and overhead. 
2.1 Time-domain resource allocation
2.1.1
Mini-slot-based repetition
As discussed in [4], 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 meeting the stringent latency requirement of Rel.16 URLLC services especially with a-periodic traffics. 
To enable mini-slot-based repetition, K (>1) mini-slot-based transmission occasions (TO) need to be allocated within a resource period, and the resource allocation of the first TO can follow the same rule defined for Rel.15 configured grant. More specifically, the starting symbol of the first TO is determined according to the rule defined in 5.8.2 of TS 38.321, with the time duration of L consecutive symbols derived from the SLIV. 
Given the first TO allocation, for the determination of the rest K-1 TOs in a resource period, following options can be considered:

· Option-1: Each of the following TOs is consecutive to the previous TO and has the same time duration of L consecutive symbols. If the UE determines the number of symbols available for configured grant PUSCH transmission within a slot is smaller than L in a TO (due to, e.g., SFI configuration), the UE does not transmit the PUSCH at the TO. The omitted transmission can be postponed to the next available TO to guarantee a reliable transmission.
· Option-2: Each of the following TOs is allocated in symbols that are available for configured grant PUSCH transmission with the same time duration of L consecutive symbols, and the TOs can be non-contiguous to each other. This option is more suitable for TDD with more than one UL period in a slot. An example is shown in Figure 1, where Slot Format 48 defined in 11.1 of TS38.213 is assumed, which has two UL periods in a slot. The GF resource periodicity P is set to one slot, and S and L are 2 and 5 respectively. With this option, two mini-slot-based TOs can be allocated in a slot/resource period, with one TO in each UL period. 
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Figure 1 Resource allocation of Option 2
In addition, if both slot-based and mini-slot-based repetition schemes are supported for configured grant PUSCH transmission, a mechanism is needed to indicate which repetition scheme to be 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 resource periodicity P. For the latter case, as mini-slot-based repetition is mainly used for extremely low-latency transmission, it is of nature to use the value of the periodicity P to implicitly indicate whether or not to apply mini-slot-based repetition, i.e., when P is no larger than a predefined value (e.g., one slot or K slots), mini-slot-based repetition is applied; otherwise, slot-based repetition is applied. 

Based on the above discussions, we have the following observations and proposals for time-domain resource allocation for mini-slot-based repetition.
Observation 1: For mini-slot-based repetition, most of the designs for time-domain resource allocation can follow the rules/principles defined in Rel.15, and hence need much less specification work to support.
Proposal 1: For both Type 1 and Type 2 configured grant in Rel.16, mini-slot-based repetition should be supported.
Proposal 2: For time-domain resource allocation of K (>1) mini-slot-based transmission occasions within a period, 
· UE determines the first TO 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;
· The following options can be considered for UE to determine the rest K-1 TOs within the period

· Option-1: Each of the following TOs is consecutive to the previous TO and has the same time duration of L consecutive symbols.
· Option-2: Each of the following TOs is allocated in symbols that are available for configured grant PUSCH transmission with the same time duration of L consecutive symbols, and the TOs can be non-contiguous to each other.
Proposal 3: 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 repetition:

· Explicit indication by introducing a new RRC parameter.

· Implicit indication by comparing the resource periodicity P with a predefined value (FFS the value).

2.1.2
Multi-segment transmission 
According to the following agreement achieved in last meeting, for multi-segment transmission, if there are multiple UL periods in a slot, only one of them can be used for the transmission of one repetition of one TB within the slot.

	· At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations” (also called as “multi-segment transmission”), if supported, it further consists of:

· For the transmission within one slot,

· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 

· One repetition is within one UL period.

· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)

· Each repetition occupies contiguous symbols 

· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.


Figure 2 shows two possibilities of PUSCH transmission in such case, where Slot Format 48 is also assumed. As illustrated in Figure 2(a), if the transmission of a TB starts from the first UL period in a slot for low-latency, the UL symbols in the second UL period cannot be used for the transmission of the TB, which may reduce the BLER performance and fail to meet the reliability requirement. On the other hand, as illustrated in Figure 2(b), if the transmission starts from the second UL period in a slot and is repeated in the first UL period of the next slot to improve reliability, a delay of 7 symbols will be introduced, which is crucial especially for smaller SCS. To have a direct comparison of the two options for low-latency transmission, we also show in Figure 2(c) the PUSCH transmission for mini-slot-based repetition in such case, where two repetitions can be transmitted in one slot, thus both latency and reliability performance can be guaranteed.
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Figure 2 Comparison of multi-segment transmission and mini-slot-based repetition 
In addition, as agreed in last meeting, at least for grant-based PUSCH, the SLIV indicates the starting symbol and the total transmission duration of all the repetition for multi-segment transmission. On one hand, to support resource allocation across a slot boundary, more specification work will be needed for the design of DCI as well as SLIV to support “one repetition in each slot with possibly different starting symbols and/or durations” (more details can be found in [5]) for grant-based PUSCH transmission. On the other hand, for configured grant PUSCH transmission, as the time-domain resource is determined based on both SLIV and periodicity P, it will bring much more specification work on time-domain resource allocation to support multi-segment transmission shown in Figure 2(a) and 2(b), if the SLIV also indicates the total time duration of all the repetitions for configured grant. One possible way is to use also the resource allocation methods discussed in section 2.1.1 for multi-segment transmission and allocate more than one TO within a slot. However, it is definitely inefficient to use only one TO for the transmission of a TB within a slot if multiple TOs are available in the slot.  
Observation 2: For multi-segment transmission, even if there are multiple UL periods in a slot, only one of them can be used for the transmission of one repetition of one TB within the slot, which may degrade the performance of latency and reliability.
Observation 3: For multi-segment transmission, much more specification work is needed for time-domain resource allocation.
2.2 TBS determination

2.2.1
Mini-slot-based repetition
As discussion in section 2.1.1, for mini-slot-based repetition, the SLIV is used to indicate the time-domain resource allocation of the first TO within a resource period. Thus it is straightforward to determine the TBS also based on the first repetition, i.e. the SLIV.

Proposal 4: For both Type 1 and Type 2 PUSCH transmissions with configured grant in Rel.16, the determination of the TBS for mini-slot-based repetition should be based on the indicated SLIV.
2.2.2
Multi-segment transmission

For multi-segment transmission, when a PUSCH crosses a slot boundary, it will be split into two repetitions with each repetition transmitted in one slot. Considering the fact that the resources are semi-statically allocated for configured grant and a packet can arrive in any symbol in a slot, to timely deliver the packet upon its arrival, the durations of the two repetitions could be very different, e.g., the duration of one repetition is much shorter than the other, as illustrated by Case 4 in Figure 3. In this case, if the TBS for multi-segment transmission is determined based on the total duration, then the coding rate of the repetition with shorter duration could be very high, which may result in a very bad link-level performance. On the other hand, if the TBS is determined based on the first repetition, then the TBS will vary as the duration of the first repetition is not constant. This will increase the implementation complexity of both UE and gNB, and is also not good to serve a URLLC traffic with a fixed packet size.
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Figure 3 Illustration of one implementation for multi-segment transmission

Observation 4: For multi-segment transmission, when the PUSCH transmission is split into two repetitions due to slot boundary,
· If the TBS is determined based on the total duration, the coding rate of one repetition could be very high, which may result in a very bad link-level performance;

· If the TBS is determined based on the duration of the first repetition, the TBS will vary, which will increase the implementation complexity of both UE and gNB, and is also not good to serve a URLLC traffic with a fixed packet size
2.3 Performance analysis  
Based on the above discussion on mini-slot repetitions and multi-segment transmission, we give a detailed analysis in this subsection to compare the two options for low-latency transmission in terms of latency, reliability, complexity, and overhead. 
2.3.1 Latency

At first glance, multi-segment transmission with flexible start could have similar low-latency performance compared to mini-slot-based repetition. However, this is actually not true due to the following fact that

· mini-slot-based repetition has shorter processing time due to shorter TTI length (more discussion can be found in [5]).
· mini-slot-based repetition provides a possibility that a packet can be early-decoded by a first few attempts, thus can further reduce the latency of the packet and also reduce the queuing delay of new packets from the same UE. 
Moreover, as discussed in section 2.1.2, when there are more than one UL periods within a slot, mini-slot-based repetition can have more opportunities for transmissions of current TB in the slot, thus providing more chances for transmissions of other TB packets and resulting in shorter packet queuing delay in the data buffer (while keeping a good performance on reliability).
Therefore, compared to multi-segment transmission with flexible start, mini-slot-based repetition has better performance in terms of overall latency. 
Observation 5: Compared to multi-segment transmission with flexible start, mini-slot-based repetition has better performance in terms of overall latency due to 
· Shorter processing time
· Possibility of early-decoding
· Shorter queuing delay while keeping a good performance on reliability when there are more than one UL periods within a slot
2.3.2 Reliability
In [6], one implementation of multi-segment transmission with flexible start was proposed, where multiple transmission opportunities are configured (e.g., every 2 OS) within a slot for one configured grant configuration, and a single PUSCH transmission with longer duration can start from any of the multiple opportunities without repetitions within the slot, as illustrated by Case 1 to Case 3 in Figure 3. If the PUSCH transmission is going to cross a slot boundary, it shall be divided into two shorter PUSCH repetitions with one in the first slot and the other in the next slot, as illustrated by Case 4 in Figure 3.
It was claimed that such multi-segment transmission can use less DMRS symbols (e.g., 1-symbol front-loaded DMRS) to reduce DMRS overhead. However, this could lead to collision between DMRS symbol of one UE and data symbol of another UE, in case configured grant PUSCH resources are shared by multiple UEs to improve resource utilization efficiency. For example, as illustrated in Figure 4, due to sporadic traffic arrival, the two UEs (UE1 and UE2) sharing the same t/f resources start their PUSCH transmissions from symbol-2 and symbol-4 respectively. If 1-symbol front-loaded DMRS is configured, UE2’s DMRS shall collide with UE1’s data in symbol-4.
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Figure 4 Single PUSCH transmission with flexible start leads to collision between DMRS and data
As UE detection relies on DMRS detection, it is of vital importance to guarantee a good performance of DMRS detection for configured grant PUSCH transmission. Therefore, collision between DMRS and data should be avoided as much as possible. Figure 5 shows the DMRS detection performance with and without collision between DMRS and data (as illustrated in Figure 4). In the simulation, 6 potential UEs are assumed, of which only one UE is active. For DMRS configuration, 1-symbol front-loaded DMRS with Type 2 configuration is assumed. Other simulation parameters are given in Appendix B. From the simulation results we can see that, due to error floor caused by collision between DMRS and data, miss detection probability cannot even reach 1E-4 and 1E-5 for FAR=0.1% and FAR=1% respectively, which is unacceptable for URLLC services with stringent reliability requirement, e.g., 99.999%.
   [image: image5.emf]-10 -8 -6 -4 -2 0 2 4 6 8

SNR

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

M

i

s

s

 

D

e

t

e

c

t

i

o

n

 

P

r

o

b

a

b

i

l

i

t

y

TDLC100, 8 RBs, 6 potential UEs with 1 active

False Alarm Rate = 0.01, w/o collision

False Alarm Rate = 0.001, w/o collision

False Alarm Rate = 0.01, with collision

False Alarm Rate = 0.001, with collision


Figure 5 Collision between DMRS and data leads to unacceptable performance on DMRS detection
In the sense of the above, multi-segment transmission with flexible start may lead to collision between DMRS and data in case the t/f resources are shared by multiple UEs, which will degrade obviously the performance of DMRS detection, and therefore is not able to support URLLC services with stringent requirements on both latency and reliability.
Observation 6: multi-segment transmission with flexible start may lead to collision between DMRS and data in case the t/f resources are shared by multiple UEs, which will degrade obviously the performance of DMRS detection, and therefore is not able to support URLLC services with stringent requirements on both latency and reliability in Rel.16.
In addition, with low coding rate, coding gain of PUSCH transmission with longer duration can be negligible, as repetition coding is already used in channel coding. For example, as shown in Figure 7 in our companion contribution [5], the gap between single PUSCH transmission with 12-symbol duration and 4 repetitions with each containing 3 symbols is within 0.5dB. Moreover, as will be discussed in the following, compared to mini-slot-based repetition, decoding performance of PUSCH transmission with longer duration is more sensitive to DMRS detection as well as intra-/inter-cell interference, and the transmission cannot benefit from spatial diversity among repetitions.
· Decoding performance of PUSCH transmission with longer duration is more sensitive to miss-detection/false alarm
For mini-slot-based repetition, even if some of the repetitions are miss-detected or false-alarmed, it still has better chances for gNB to successfully decode the data based on the repetition transmissions. However, things are different in PUSCH transmission with longer duration case as gNB has to try detecting its DMRS symbol(s) across different possible symbol locations in a slot (due to floating start of packet transmission),   making a worse situation (than mini-slot-based repetition with fixed DMRS locations) on miss and false detection; and on top, there can be the DRMS collision with data signals from other users as described in details below, thus, it makes PUSCH transmission with longer duration not able (or at least very difficult) to be applicable in URLLC services. For example, if miss-detection or false alarm happens (it actually happens with high probability as discussed above), gNB will decode the data with wrong symbols, resulting in the useless decoding or longer/more complex processing procedures.  As a result, it is not acceptable for URLLC services with urgent requirement on low-latency.
· Decoding performance of PUSCH transmission with longer duration is more sensitive to intra-/inter-cell interference
For mini-slot-based repetition, interference is limited to mini-slot level, which means for some repetitions, they may suffer interference from intra-/inter-cell UEs but for others, no interference is experienced at all. Therefore, mini-slot-based repetition could be more robust to intra-/inter-cell interference. However, in PUSCH transmission with longer duration case, as the channel decoding is based on all the PUSCH symbols, if some of them are interfered by intra-/inter-cell UEs, it will impact the whole performance of channel decoding. For example, as shown in Figure 6 in our companion contribution [5], more than 6dB loss can be observed at 1E-3 BLER for PUSCH transmission with 14-symbol duration compared to two repetitions with each containing 7 symbols, if the second half of the 14 symbols are affected by strong interference which is modeled as an additional noise with variance of 4 times that of the background noise.
· PUSCH transmission with longer duration achieves less spatial diversity gain
When different TRPs/precoders/beams are used for different repetitions, more spatial diversity gain can be obtained through repetitions. As can be seen from the simulation results shown in Figure 6 of [7], mini-slot-based repetitions with precoder/QCL (or SRI)-cycling offer extra diversity gain and perform better especially at lower BLER operating point, compared to single PUSCH transmission with longer duration. Simulation results shown in Figure 4 in [5] also show that with multi-TPR, mini-slot repetition has steeper curve and outperforms PUSCH transmission with longer duration at high SNR region due to diversity gain.
Observation 7: With low coding rate, coding gain of single PUSCH transmission with longer duration can be negligible. Moreover, compared to mini-slot-based repetitions, 
· Decoding performance of PUSCH transmission with longer duration is more sensitive to DMRS detection
· Decoding performance of PUSCH transmission with longer duration is more sensitive to intra-/inter-cell interference
· Single PUSCH transmission with longer duration will incur more issues on miss detection and false alarm detection, thus resulting in the useless decoding or longer/more complex processing procedures.
· PUSCH transmission with longer duration cannot benefit from spatial diversity among repetitions.
2.3.3 Complexity

As discussed above, multi-segment transmission with flexible start is not workable in case the t/f resources are shared by multiple UEs due to potential collision between DMRS and data. To solve the problem, much specification work can be expected on e.g. the design of new DMRS pattern, the configuration of opportunities within a period that can be used to start the PUSCH transmission as illustrated in Figure 3, and etc.
Moreover, as discussed in section 2.1.2 and 2.2.2, for multi-segment transmission, the number as well as the duration of the PUSCHs for a TB can be different when the transmission starts from different symbols in a slot. More specifically, if the transmission starts earlier in a slot and crosses no slot boundary, the PUSCH duration equals to L which is derived from the SLIV. Otherwise, two shorter PUSCHs will be transmitted, and the duration can be any value that is smaller than L. In TDD case, things could be even more complicated due to slot format (re)configuration triggered by higher layer signaling or DCI, as also shown in Figure 1. To support such many different PUSCH durations within one configured grant configuration, several specification issues will be introduced, such as how to allocate the time-domain resource, how to configure the repetition number, which duration should be based on to calculate the TBS, where to locate the DMRS in PUSCHs with different durations or starting from different symbols, how to interpret the same configuration for PUSCHs with different durations, etc. At the meantime, UE behavior could be very complicated to deal with so many different cases.
However, for mini-slot-based repetitions, most of the designs including the time-domain resource allocation and TBS determination can follow the rules/principles in Rel.15, and hence need much less specification work to support.
Observation 8: Compared to mini-slot-based repetitions, multi-segment transmission with flexible start has much more specification impacts as well as UE implementation complexity.
2.3.4 Overhead

In [8], anther implementation of multi-segment transmission was proposed, where the flexible start is enabled by multiple active configurations per BWP. This could avoid the potential collision between DMRS of one UE and data of another UE; however, as discussed in our companion contribution [2], using multiple active configurations of a UE for reducing latency may not be efficient in terms of resource utilization, as much more resources (either frequency resource or DMRS resource) are needed for the support of only one traffic type.
Observation 9: Multi-segment transmission with flexible start enabled by multiple active configurations may not be efficient in terms of resource utilization, as much more resources (either frequency resource or DMRS resource) are needed for the support of only one traffic type.
One may argue that DMRS overhead could be an issue for mini-slot-based repetition. However, as discussed in section 2.3.2, to avoid the potential collision between DMRS of one UE and data of another UE in multi-segment transmission, one-symbol front-loaded DMRS is not enough and more DMRS symbols are needed, which in fact has an same DMRS overhead as mini-slot-based. Moreover, if the mini-slot-based repetitions are transmitted in a back-to-back manner within a slot, for UEs with good channel/interference conditions which guarantees a robust DMRS detection performance, 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 decoding performance could be further improved resulting from the lowered coding rate.
Observation 10: DMRS sharing could be considered to reduce DMRS overhead for mini-slot-based repetition.
Based on the above discussions, we have the following observation and proposal for the support of multi-segment transmission for configured grant.
Observation 11: Compared to mini-slot-based repetitions, multi-segment transmission has no extra benefits but complicates the design of configured grant.
Proposal 5: Multi-segment transmission should not be supported for configured grant in Rel.16.
3 Multiple active configurations per BWP
In RAN1#95 meeting, it was agreed to support multiple active configurations per BWP for a serving cell for Rel.16 URLLC.  Detailed discussions on the support of multiple active configurations can be found in our companion contribution [2], including the use case, the higher layer configuration, the repetition scheme to improve reliability, as well as the activation/deactivation of Type 2 configured grant. Observations and proposals are copied as follows:

Observation 12: Using multiple active configurations of a UE to support K repetitions for enhancing reliability and reducing latency may not be efficient in terms of resource utilization, where different services/traffic types are not able to be supported for the UE.
Proposal 6: For both Type 1 and Type 2 configured grant in Rel.16, multiple active configurations for a given BWP of a serving cell should be supported at least for the use case of different services/traffic types. FFS other use cases.
Proposal 7: For the support of multiple active configurations per BWP for both Type 1 and Type 2 configured grant in Rel.16, 
· It is up to RAN2 to decide the maximum active configuration number.
· All the higher layer parameters of different configurations should be separately configured.

· In addition to the parameters defined in ConfiguredGrantConfig IE in Rel.15, at least a configuration index should be configured for each configuration.
· More values for repetition number should be supported, e.g., 3/5/6/7.
Proposal 8: For both Type 1 and Type 2 configured grant in Rel.16, repetitions (either slot-based or mini-slot-based) of a TB should be supported to cross a period boundary to improve the transmission reliability.
Proposal 9: For Type 2 configured grant in Rel.16, when configured with multiple active configurations in a BWP, the MSB of the HPN field in DCI format 0_0/0_1 is used for activation/deactivation validation, the other 3 bits are used for configuration index indication.
4 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 and instead, explicit HARQ-ACK feedback should be introduced. 
With explicit HARQ-ACK feedback, on one hand, UE is able to know whether the PUSCH transmission of a TB is successfully decoded or miss detected. For example, if no grant or ACK/NACK for the TB is received within a timer, UE can determine the transmission is not detected. Then it can transmit the TB again within the latency bound using the same or a different HARQ process to improve the reliability. On the other hand, when a large repetition number is configured to improve DMRS detection performance and also data decoding performance, explicit ACK can facilitate the termination of the repetitions in case the TB is early-decoded successfully, thus the overall performance can be further improved in terms of both latency and reliability. 
More details on the benefits as well as the design for explicit HARQ-ACK feedback can be found in our companion contribution [3]. Observations and proposals are copied as follows:
Observation 13: Explicit HARQ-ACK feedback can enable UE to know whether the PUSCH transmission is successfully decoded or miss detected. If the transmission is not detected, retransmission can be triggered by UE itself to improve transmission reliability for R16 URLLC traffic.
Observation 14: Early termination enabled by explicit ACK feedback is an efficient way to take fully use of the channel variations for both Type 1 and Type 2 configured grant, with which there is no need for gNB to pre-determine an optimal repetition number.

Observation 15: Early termination enabled by explicit ACK feedback can reduce the queuing delay of the new packets from the same UE and also the interference to other UEs, thus can improve both latency and reliability performance for R16 URLLC traffic. System-level simulation results show that a considerable performance gain can be achieved by early-termination in Power Distribution use case.

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 for 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.

5 Other enhancements
· 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. 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.

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.
6 Conclusion 
In this contribution, we discuss the enhancements for PUSCH transmission with configured grant. Observations and proposals are summarized below:
Observation 1: For mini-slot-based repetition, most of the designs for time-domain resource allocation can follow the rules/principles defined in Rel.15, and hence need much less specification work to support.
Observation 2: For multi-segment transmission, even if there are multiple UL periods in a slot, only one of them can be used for the transmission of one repetition of one TB within the slot, which may degrade the performance of latency and reliability.
Observation 3: For multi-segment transmission, much more specification work is needed for time-domain resource allocation.
Observation 4: For multi-segment transmission, when the PUSCH transmission is split into two repetitions due to slot boundary,

· If the TBS is determined based on the total duration, the coding rate of one repetition could be very high, which may result in a very bad link-level performance;

· If the TBS is determined based on the duration of the first repetition, the TBS will vary, which will increase the implementation complexity of both UE and gNB, and is also not good to serve a URLLC traffic with a certain packet size

Observation 5: Compared to multi-segment transmission with flexible start, mini-slot-based repetition has better performance in terms of overall latency due to 
· Shorter processing time
· Possibility of early-decoding
· Shorter queuing delay while keeping a good performance on reliability when there are more than one UL periods within a slot

Observation 6: multi-segment transmission with flexible start may lead to collision between DMRS and data in case the t/f resources are shared by multiple UEs, which will degrade obviously the performance of DMRS detection, and therefore is not able to support URLLC services with stringent requirements on both latency and reliability in Rel.16.
Observation 7: With low coding rate, coding gain of single PUSCH transmission with longer duration can be negligible. Moreover, compared to mini-slot-based repetitions, 
· Decoding performance of PUSCH transmission with longer duration is more sensitive to DMRS detection
· Decoding performance of PUSCH transmission with longer duration is more sensitive to intra-/inter-cell interference
· Single PUSCH transmission with longer duration will incur more issues on miss detection and false alarm detection, thus resulting in the useless decoding or longer/more complex processing procedures.
· PUSCH transmission with longer duration cannot benefit from spatial diversity among repetitions.
Observation 8: Compared to mini-slot-based repetitions, multi-segment transmission with flexible start has much more specification impacts as well as UE implementation complexity.
Observation 9: Multi-segment transmission with flexible start enabled by multiple active configurations may not be efficient in terms of resource utilization, as much more resources (either frequency resource or DMRS resource) are needed for the support of only one traffic type.
Observation 10: DMRS sharing could be considered to reduce DMRS overhead for mini-slot-based repetition.
Observation 11: Compared to mini-slot-based repetitions, multi-segment transmission has no extra benefits but complicates the design of configured grant.
Observation 12: Using multiple active configurations of a UE to support K repetitions for enhancing reliability and reducing latency may not be efficient in terms of resource utilization, where different services/traffic types are not able to be supported for the UE.

Observation 13: Explicit HARQ-ACK feedback can enable UE to know whether the PUSCH transmission is successfully decoded or miss detected. If the transmission is not detected, retransmission can be triggered by UE itself to improve transmission reliability for R16 URLLC traffic.
Observation 14: Early termination enabled by explicit ACK feedback is an efficient way to take fully use of the channel variations for both Type 1 and Type 2 configured grant, with which there is no need for gNB to pre-determine an optimal repetition number.

Observation 15: Early termination enabled by explicit ACK feedback can reduce the queuing delay of the new packets from the same UE and also the interference to other UEs, thus can improve both latency and reliability performance for R16 URLLC traffic. System-level simulation results show that a considerable performance gain can be achieved by early-termination in Power Distribution use case.

Proposal 1: For both Type 1 and Type 2 configured grant in Rel.16, mini-slot-based repetition should be supported.
Proposal 2: For time-domain resource allocation of K (>1) mini-slot-based transmission occasions within a period, 
· UE determines the first TO 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;
· The following options can be considered for UE to determine the rest K-1 TOs within the period

· Option-1: Each of the following TOs is consecutive to the previous TO and has the same time duration of L consecutive symbols.

· Option-2: Each of the following TOs is allocated in symbols that are available for configured grant PUSCH transmission with the same time duration of L consecutive symbols, and the TOs can be non-contiguous to each other.
Proposal 3: 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 repetition:

· 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 transmissions with configured grant in Rel.16, the determination of the TBS for mini-slot-based repetition should be based on the indicated SLIV.
Proposal 5: Multi-segment transmission should not be supported for configured grant in Rel.16.
Proposal 6: For both Type 1 and Type 2 configured grant in Rel.16, multiple active configurations for a given BWP of a serving cell should be supported at least for the use case of different services/traffic types. FFS other use cases.
Proposal 7: For the support of multiple active configurations per BWP for both Type 1 and Type 2 configured grant in Rel.16, 
· It is up to RAN2 to decide the maximum active configuration number.
· All the higher layer parameters of different configurations should be separately configured.

· In addition to the parameters defined in ConfiguredGrantConfig IE in Rel.15, at least a configuration index should be configured for each configuration.
· More values for repetition number should be supported, e.g., 3/5/6/7.
Proposal 8: For both Type 1 and Type 2 configured grant in Rel.16, repetitions (either slot-based or mini-slot-based) of a TB should be supported to cross a period boundary to improve the transmission reliability.
Proposal 9: For Type 2 configured grant in Rel.16, when configured with multiple active configurations in a BWP, the MSB of the HPN field in DCI format 0_0/0_1 is used for activation/deactivation validation, the other 3 bits are used for configuration index indication.
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 for 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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Appendix A – Agreements

The following agreements were achieved for configured grant enhancements from RAN1#94 meeting to RAN1 AH_NR#5 meeting [9] [10] [11] [12]:
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#95 meeting:

· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 

· FFS details

· Note: it is understood that the above may be related to RAN2-led work on intra-UE     multiplexing
Agreements achieved in RAN1 NR_AH#5 meeting:
· At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:

· Time domain resource determination

· The time domain resource assignment field in the DCI indicates the resource for the first repetition.

· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.

· FFS the detailed interaction with the procedure of UL/DL direction determination

· Each repetition occupies contiguous symbols.

· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)

· Frequency hopping (at least 2 hops)

· Support at least inter-PUSCH-repetition hopping and inter-slot hopping

· FFS other FH schemes

· FFS number of hops larger than 2

· FFS dynamic indication of the number of repetitions

· FFS DMRS sharing

· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)

· At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations” (also called as “multi-segment transmission”), if supported, it further consists of:

· Time domain resource determination

· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 

· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition

· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.

· FFS the interaction with the procedure of UL/DL direction determination

· For the transmission within one slot,

· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 

· One repetition is within one UL period.

· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)

· Each repetition occupies contiguous symbols 

· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.

· Frequency hopping

· Support at least inter-slot FH

· FFS other FH schemes

· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96

· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots

· Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:

· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols

· Details of TBS determination

· What is different for scheduled PUSCH and configured grant?

· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?

· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc.), complexity, overhead, etc.

Appendix B – Link level simulation assumptions
Table A Simulation parameters
	Parameters 
	Values 

	Carrier frequency 
	4GHz 

	Waveform 
	CP-OFDM 

	Subcarrier spacing 
	30KHz 

	Channel model 
	TDL-C100 

	Number of allocated PRB 
	8

	BS antenna configuration 
	4Rx 

	UE antenna configuration 
	1Tx 

	UE velocity 
	3km/h 

	DMRS detection mechanism 
	Time-domain correlation 

	DMRS pattern 
	1-symbol front-loaded DMRS with Type 2 configuration


