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1 Introduction
In the new WID for physical layer enhancements for NR URLLC [1], it is agreed to specify the following enhancements for configured grant PUSCH transmission:

· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]

· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots

· Specification of enhanced UL configured grant transmission [RAN1, RAN2]

· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 

· Note: V2X use cases are also considered 

In this contribution, we further discuss the details on the support of two or more repetitions within a slot, repetitions across period boundary, as well as multiple active configurations per BWP.
2 Two or more repetitions within a slot
In this section, we mainly discuss time-domain resource allocation as well as RV determination for the support of two or more repetitions within a slot for configured grant. More discussions on other aspects such as TBS determination, SLIV design and etc. can be found in our companion contribution [2]. 
2.1 Time-domain resource allocation

According to the WID, two or more repetitions within one slot (mini-slot-based repetition) has been agreed to be supported for Rel.16 URLLC. However, how to allocate the time-domain resources to support such repetition scheme is still under discussion. During the last RAN1 meeting, several options for time-domain resource allocation have been proposed:
· Option 1&4: Repetitions are allowed to be transmitted within one UL period no matter whether or not the overall time-domain resources determined by L*K go across a period boundary or a DL/UL switching point.
· Option 2&5: If the overall time-domain resources determined by L*K go across a period boundary or a DL/UL switching point, repetitions within one UL period are not allowed, even if the UL period contains a large number of symbols. Instead, a PUSCH with longer duration is transmitted. 
· Option 6: An entry of a higher-layer configured table is indicated to UE, from which at least the following information can be obtained: number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots.
To improve resource utilization efficiency, configured grant supports multiple UEs sharing the same t/f resources for PUSCH transmission. And due to sporadic packet arrival, UEs sharing the same t/f resources may start their PUSCH transmissions from different symbols in a configured grant resource period to reduce the latency. To achieve this, when applied for configured grant, Option 2 defines multiple transmission opportunities or offsets within a resource period to facilitate flexible start, and whenever the transmission starts, a longer PUSCH with no repetitions will be transmitted within a UL period. As has been discussed in [4] and also shown in Figure 1, such option could lead to collision between DMRS symbol of one UE and data symbol of another UE, when the UEs are configured with front-loaded DMRS only. And similarly, the collision issue also exists in Option 5. 
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Figure 1 Single PUSCH in a UL period with flexible start leads to collision between DMRS and data
Since UE detection totally relies on DMRS detection, it is of vital importance to guarantee a good performance of DMRS detection for configured grant PUSCH transmission. In addition, collision between DMRS and data will also deteriorate data decoding performance. Therefore, DMRS and data collision should be completely avoided. Simulation results provided in [4] also show that, with collision between DMRS and data, DMRS detection performance degrades obviously and cannot even reach 1E-4, which is unacceptable for URLLC. 
With this in mind, to further compare Option 4 and Option 5, in the following, we discuss the case when L and K are set to 4 and 3 respectively. As illustrated in Figure 2&3, assume UE-1 starts the PUSCH transmission from symbol #7 of slot #i. In option 5, two repetitions will be transmitted by UE-1, with the first repetition occupying symbol #7 to symbol #14 of slot #i and the second occupying symbol #1 to symbol #4 of slot #i+1, as illustrated in Figure 2. If a packet arrives in symbol #7 of slot #i for UE-2 which shares the same t/f resources for configured grant transmission, to avoid the above mentioned collision between DMRS of UE-2 and data of UE-1, UE-2 can only start the PUSCH no early than the first symbol of slot #i+1. This will introduce in total a 7-symbol delay for the delivery of the packet. However, in Option 4, since repetitions with shorter duration are allowed within a UL period, UE-2 can start the PUSCH transmission from symbol #11 of slot #i, and only a 3-symbol delay is introduced, which is much shorter than that of Option 5, as also illustrated in Figure 3.
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Figure 2 A longer delay (7 symbols) is introduced in Option 5 to avoid DMRS and data collision
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Figure 3 A much shorter delay (3 symbols) is introduced in Option 4 with no DMRS and data collision
Moreover, according to the detailed comparison provided in [4] on mini-slot-based repetitions versus a single PUSCH transmission with longer duration, the overall performance of Option 2&5 is no better than that of Option 1&4 in terms of latency, reliability and implementation complexity. 
While for Option 6, as there are too many possibilities of TDD configurations, further discussion on the design of the table and also on the tradeoff between the table size (which determines the required number of bits for indication of an entry) and the resource configuration flexibility are needed.

Observation 1: Option 2&5 may lead to collision between DMRS and data in case the t/f resources are shared by multiple UEs, and to avoid such collision, a large delay for the delivery of a packet will be introduced. Neither is acceptable for URLLC with stringent requirements on both latency and reliability.
Observation 2:  Option 2&5 have no extra benefits but complicate the design of configured grant compared to Option 1&4.

Observation 3: Further discussion on the design of the table and also on the tradeoff between the table size and the resource configuration flexibility are needed for Option 6.
Proposal 1: Option 2&5 should not be supported for configured grant in Rel.16.

Proposal 2: Either Option 1 or Option 4 should be supported for configured grant in Rel.16. FFS the details.
2.2 RV determination
In Rel.15, RV determination is based on the configured RV sequence and the index of a transmission occasion, i.e., RV of the nth (1<=n<=K) transmission occasion among K repetitions is associated with the (mod(n-1,4)+1)th value in the configured RV sequence. This is reasonable and also very simple as the durations of the K transmission occasions are identical in Rel.15. However, to fully use the available UL symbols in a slot, PUSCH durations of different repetitions are not necessarily to be the same in Rel.16. In this case, RV determination method in Rel.15 is not optimal anymore, as RV0 may be associated with a very short transmission occasion, which will degrade the decoding performance. For example, as illustrated in Figure 4, four transmission occasions are allocated within a resource period which includes two consecutive slots. Due to TDD configuration, the 1st and the 3rd transmission occasions contain 3 symbols in each, and the other two contain 7 symbols in each. If RV sequence {0231} is configured and RV determination method in Rel.15 is used, then RV0 will be associated with the 1st transmission occasion, which contains the fewest symbols.
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Figure 4 RV0 is associated with the shortest transmission occasion
To improve decoding performance, when the durations of the K transmission occasions are not identical, RV determination should guarantee the transmission occasion with the longest duration can be associated with RV0. And if there are two or more transmission occasions which are all with the longest duration, RV cycling among these transmission occasions should be supported, as also illustrated in Figure 5.
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Figure 5 RV0 is associated with the longest transmission occasion
Alternatively, if Option 6 is considered for time-domain resource allocation, for each entry of the higher-layer configured table, a RV for each of the repetitions can also be configured in the entry. In this case, the RV field in DCI is not needed anymore and can be used for other purpose, e.g., for dynamic indication of repetition number.
Proposal 3: When the durations of the K transmission occasions are not identical, to improve decoding performance, RV determination should guarantee the transmission occasion with the longest duration can be associated with RV0 when RV sequence {0231} or {0303} is configured.
3 Repetitions across period boundary
3.1 Necessity to support repetitions across period boundary
In Rel-15, to enable low-latency transmission for configured grant, repetitions of a TB can start from any of the transmission occasions (TO) associated with RV0 when RV sequence {0000} or {0303} is configured， except for the last one when repetition number K is set to 8. In addition, to avoid potential ambiguity on HARQ ID calculation between UE and gNB, repetitions are not allowed to cross any period boundary, even if they are started from a TO which is not the first one within a period. Moreover, if a TO contains a DL symbol or collides with the resource for other UL transmission with higher priority, e.g. a PUSCH transmission scheduled by a dynamic UL grant, the repetition at that TO is omitted. Both the above cases will lead to a less repetition number than the configured one, which may fail to meet the super high reliability requirement for Rel.16 URLLC services, as also illustrated in Figure 6.
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Figure 6 The two cases that lead to a less repetition number than the configured one (K=4)
Therefore, to guarantee a low-latency and yet reliable transmission for Rel.16 URLLC, enhancement would be needed to support a sufficient number of repetitions with flexible start. To achieve this, following two options have been proposed and recognized as potential solutions to be further discussed in the WI:

· Opt-1: Allowing K repetitions of a TB with R15 flexible start to cross a period boundary.

· Opt-2: Using multiple active configurations to enable low latency and ensure K repetitions.

Between the two options, one may argue that there is no need to further consider Opt-1 since multiple active configurations per BWP per UE have already been agreed to be supported and can be considered for low latency and ensuring K repetitions. However, this is not true due to at least the following reasons:

· Using multiple active configurations for low latency and ensuring K repetitions is not efficient in terms of resource utilization, as much more resources (frequency and/or DMRS) need to be reserved for the support of only one service/traffic type.

· Due to limited frequency and/or DMRS resources, it is not always possible to configure a sufficient number of active configurations to enable low latency and ensure K repetitions for one service/traffic type, especially when there are multiple services/traffic types with different characteristics (e.g., different TBS, different packet arrival rates, etc.) to be supported simultaneously. 
· To use multiple configurations for low-latency and ensure K repetitions, the different configurations must be configured with different starting symbol S and with same duration L. Since the number of entries of the higher-layer configured time-domain allocation table is limited (no more than 16), it may not be always possible to find a sufficient number of SLIVs in the table that meet the requirement.
· Even if multiple active configurations can be configured for low latency and ensuring K repetitions, the actual repetition number may still be less than the configured number K due to the reasons discussed in Figure 6(b).

Based on the above analysis, to guarantee a low-latency and yet reliable transmission, it is necessary to support K repetitions (either slot-based or mini-slot-based) with R15 flexible start to cross a period boundary, no matter whether a UE is configured with multiple active configurations or not.
Observation 4: Using multiple active configurations for low latency and ensuring K repetitions is not efficient in terms of resource utilization, as much more resources (frequency and/or DMRS) need to be reserved for the support of only one service/traffic type.

Observation 5: Due to limited frequency and/or DMRS resources, it is not always possible to configure a sufficient number of active configurations to enable low latency and ensure K repetitions for one service/traffic type, especially when there are different services/traffic types to be supported simultaneously.
Observation 6: Due to limited entries of the higher-layer configured time-domain allocation table, it is not always possible to find a sufficient number of SLIVs that have different S but same L for multiple active configurations to support low latency and ensure K repetitions.
Observation 7: Even if multiple active configurations can be configured for low latency and ensuring K repetitions, the actual repetition number may still be less than the configured number K when a TO is not available due to symbol confliction or resource collision with other UL transmission with higher priority, which is very possible to happen as the TOs are semi-statically allocated.
Proposal 4: For both Type 1 and Type 2 configured grants in Rel.16, K repetitions (either slot-based or mini-slot-based) with R15 flexible start and across period boundary should be supported.
3.2 Initial transmission identification
As discussed in section 3.1, to meet the super high reliability requirement, repetitions of a TB should be continued in time as long as the repetition number hasn’t reached K and no early ACK or UL grant for retransmission scheduling is received. To achieve this, to avoid potential ambiguity on HARQ ID calculation, gNB needs to identify the initial transmission of the TB.

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 7, a UE can be configured with two DMRS ports, one (D1) for initial transmission and the other (D2) for the following repetitions. If gNB detects at a TO the DMRS configured for initial transmission, i.e., D1, gNB can identify the initial transmission at that TO successfully and count up to K transmissions at K available TOs in two resource periods. HARQ ID in this case is determined based on the resource period which includes the initial transmission.
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Figure 7 K=4 repetitions across period boundary
Though one more DMRS port is needed for initial transmission identification to support repetitions across period boundary, it is still much more efficient than using multiple active configurations for low latency and ensuring K repetitions. For example, to support a same flexible start flexibility (i.e., the repetitions can start form any of the four TOs within a period), in total four active configurations are needed. Assuming configuration differentiation at gNB side is purely based on DMRS detection, which means the four configurations can share the same frequency resources but must be configured with orthogonal DMRS ports, then the number of required DMRS port is 4, which doubles the need for repetitions across period boundary. 
Proposal 5: To support K repetitions across period boundary, a UE can be configured with two orthogonal DMRS ports for one configuration for initial transmission identification.
4 Multiple active configurations per BWP
4.1 Use case 

In RAN1#95 meeting, it was agreed that multiple active configurations per BWP should be supported for at least one of the following two use cases:
· Use case 1: to simultaneously support different services/traffic types.

· Use case 2: to enhance reliability and reduce latency, as multiple SPS configurations in LTE HRLLC.
Between the two use cases, Use case 1 should be supported considering the fact that different services/traffic types could have quite different traffic characteristics (e.g., packet size, traffic type) as well as latency/reliability requirements, which may require different resource configurations to support them simultaneously. For example, the traffic characteristics of Rel-15 enabled use case (e.g. AR/VR) are quite different from that for VoIP. And even for one service, there could be various traffic types with different characteristics. For example, the packet size for Rel-15 enabled use case (e.g. AR/VR) could be 32 bytes or 200 bytes with different arrival intervals and latency requirements [3]. 
To support Use case 1, gNB can configure multiple configurations with different parameter settings such as different waveforms, different resource sizes, different periodicities, different MCS levels, different repetition numbers and etc. When a packet arrives, UE can choose a proper configuration that best matches the service requirements to deliver the packet.
While for Use case 2, when multiple active configurations are configured with same parameter settings (e.g., resource size, periodicity, MCS level, repetition number, and etc.) and with time-shifted t/f resources, it can indeed help to enhance reliability and reduce latency to some extent for a certain service/traffic type. However, as discussed in section 3, on one hand, such option is not efficient in terms of resource utilization, and it is not always available to configure a sufficient number of active configurations for low latency and ensuring K repetitions; on the other hand, even with multiple active configurations, the actual repetition number may still be less than the configured number K. Therefore, instead of using multiple configurations for low latency and ensuring K repetitions, as discussed in section 3.1, repetitions should be allowed to cross period boundary.
Proposal 6: For both Type 1 and Type 2 configured grants in Rel.16, multiple active configurations for different services/traffic types should be supported.
4.2 Higher layer configuration
As discussed in section 4.1, when multiple configurations are configured in a BWP to support different services/traffic types with different traffic characteristics and different latency/reliability requirements, the higher layer parameters of those configurations should be configured separately in a configuration-specific manner, i.e., different configurations should be configured with different sets of higher layer parameters, including those defined in ConfiguredGrantConfig IE for configured grant PUSCH transmission in Rel.15. 
Proposal 7: For both Type 1 and Type 2 configured grants in Rel.16, all the higher layer parameters of different configurations should be configured separately.
In addition to the parameters defined in ConfiguredGrantConfig, to support multiple configurations per BWP in Rel.16, at least a configuration index should be configured for each of the multiple configurations for both Type 1 and Type 2 configured grants, which is used for the identification of the configuration. 
Proposal 8: For both Type 1 and Type 2 configured grants in Rel.16, in addition to the parameters defined in ConfiguredGrantConfig IE in Rel.15, at least a configuration index should be configured for each configuration.
For the maximum number of active configurations per BWP, 8 could be a reasonable value and it can be up to RAN2 to decide. 
Proposal 9: It is up to RAN2 to decide the maximum number of active configurations for a BWP.
4.3 Activation/deactivation for Type 2 configured grant
When activating a Type 2 configured grant, the activation DCI is also used for resource configuration, e.g., t/f resource allocation, DMRS port configuration, etc. Therefore, if to use one DCI in one PDCCH to activate multiple Type 2 configurations, the payload size of the activation DCI could be very large, especially when the activated multiple configurations are for different services/traffic types. This could lead to a reliability issue on the transmission of activation DCI due to limited PDCCH resources, and as a consequence, an unexpected delay on the activation of Type 2 configured grant will be introduced, which is not acceptable for Rel.16 URLLC with extremely low-latency requirement. Hence, when multiple Type 2 configurations are configured for a UE, one PDCCH should be used to activate only one configuration at one time, and different configurations should be activated by different PDCCHs.
While for deactivation of Type 2 configured grant, at least one DCI in one PDCCH to deactivate one configuration should be supported. Whether to support one PDCCH deactivating multiple Type 2 configurations at one time needs further evaluation on the benefit, reliability and the amount of required specification work.
Proposal 10: For Type 2 configured grant in Rel.16, when multiple configurations are configured by higher layer, one DCI in one PDCCH is used to activate/deactivate only one configuration.  
In LTE HRLLC, the MSB of the HPN field in DCI is used for activation/deactivation validation, while the other 3 bits are used to indicate which SPS configuration to activate/deactivate. To minimize the specification work and also to reduce DCI overhead, this mechanism can also be used for configuration indication when activating/deactivating Type 2 configured grant in Rel.16. 
Proposal 11: For Type 2 configured grant in Rel.16, when multiple configurations are configured by higher layer, the MSB of the HPN field in DCI is used for activation/deactivation validation, while the other 3 bits are used for configuration index indication.
In addition, when DCI format 0_1 is used for Type 2 configuration activation, the positions of the HPN filed as well as the NDI field need to be fixed and read first irrespective of which Type 2 configuration is to be activated; or else the UE cannot correctly interpret the whole DCI. This is because the bit widths of some fields in DCI format 0_1 are dependent on the higher layer configuration of Type 2 configured grant, e.g., TDRA, FH flag, antenna ports, DMRS sequence initialization, etc. However, this cannot be always guaranteed as TDRA and FH flag are located in front of NDI and HPN, and the bit widths of the two fields could be different when DCI format 0_1 is used for the activation of different Type 2 configurations with different higher layer parameters (e.g., different waveforms, resource allocation types or frequency hopping), which is very possible to happen especially when the different Type 2 configurations are used for different service/traffic types.
A similar issue was raised in Rel.15 on distinguishing between DCI format 0_1 with CRC scrambled by CS-RNTI for Type 2 configuration activation and DCI format 0_1 with CRC scrambled by CS-RNTI for retransmission scheduling. To solve the issue, some restrictions were imposed in Rel.15 on the higher layer configuration of Type 2 configured grant to guarantee the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is no larger than the bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. However, these restrictions are actually not reasonable, which reduces the flexibility of higher layer configuration for configured grant PUSCH transmission, and hence should be removed in Rel.16. Therefore, further discussion is needed to solve the above mentioned issue with least specification work and without losing the flexibility of higher layer configuration for configured grant.
Proposal 12: For Type 2 configured grant in Rel.16, when multiple configurations are configured by higher layer and when CRC of DCI format 0_1 is scrambled by CS-RNTI, the positions of NDI and HPN should be fixed even if the different Type 2 configurations are configured with different higher layer parameters resulting in different bit widths for FDRA and/or FH flag. 
4.4 Repetition construction

As discussed in section 3, to guarantee a low-latency and yet reliability transmission for Rel.16 URLLC, flexible start defined in Rel.15 should be reused and K repetitions should be allowed to cross period boundary, no matter whether multiple active configurations are configured for a UE or not. In addition, to obtain more flexibility on resource configuration in Rel.16, more values for repetition number configuration can be considered, e.g., 3 (to support 3 mini-slot-based repetitions within a slot with each occupying 4 OFDM symbols), 5, 6, 7 (to support 7 mini-slot-based repetitions within a slot with each occupying 2 OFDM symbols), and etc.

Proposal 13: For both Type 1 and Type 2 configured grants in Rel.16, additional values for repetition number configuration should be supported, e.g., 3/5/6/7.
5 Conclusion 
In this contribution, we discuss the enhancements for PUSCH transmission with configured grant. Observations and proposals are summarized below:
Observation 1: Option 2&5 may lead to collision between DMRS and data in case the t/f resources are shared by multiple UEs, and to avoid such collision, a large delay for the delivery of a packet will be introduced. Neither is acceptable for URLLC with stringent requirements on both latency and reliability.
Observation 2:  Option 2&5 have no extra benefits but complicate the design of configured grant compared to Option 1&4.

Observation 3: Further discussion on the design of the table and also on the tradeoff between the table size and the resource configuration flexibility are needed for Option 6.
Observation 4: Using multiple active configurations for low latency and ensuring K repetitions is not efficient in terms of resource utilization, as much more resources (frequency and/or DMRS) need to be reserved for the support of only one service/traffic type.

Observation 5: Due to limited frequency and/or DMRS resources, it is not always possible to configure a sufficient number of active configurations to enable low latency and ensure K repetitions for one service/traffic type, especially when there are different services/traffic types to be supported simultaneously.
Observation 6: Due to limited entries of the higher-layer configured time-domain allocation table, it is not always possible to find a sufficient number of SLIVs that have different S but same L for multiple active configurations to support low latency and ensure K repetitions.
Observation 7: Even if multiple active configurations can be configured for low latency and ensuring K repetitions, the actual repetition number may still be less than the configured number K when a TO is not available due to symbol confliction or resource collision with other UL transmission with higher priority, which is very possible to happen as the TOs are semi-statically allocated.
Proposal 1: Option 2&5 should not be supported for configured grant in Rel.16.

Proposal 2: Either Option 1 or Option 4 should be supported for configured grant in Rel.16. FFS the details.
Proposal 3: When the durations of the K transmission occasions are not identical, to improve decoding performance, RV determination should guarantee the transmission occasion with the longest duration can be associated with RV0 when RV sequence {0231} or {0303} is configured.
Proposal 4: For both Type 1 and Type 2 configured grants in Rel.16, K repetitions (either slot-based or mini-slot-based) with R15 flexible start and across period boundary should be supported.
Proposal 5: To support K repetitions across period boundary, a UE can be configured with two orthogonal DMRS ports for one configuration for initial transmission identification.
Proposal 6: For both Type 1 and Type 2 configured grants in Rel.16, multiple active configurations for different services/traffic types should be supported.
Proposal 7: For both Type 1 and Type 2 configured grants in Rel.16, all the higher layer parameters of different configurations should be configured separately.
Proposal 8: For both Type 1 and Type 2 configured grants in Rel.16, in addition to the parameters defined in ConfiguredGrantConfig IE in Rel.15, at least a configuration index should be configured for each configuration.
Proposal 9: It is up to RAN2 to decide the maximum number of active configurations for a BWP.
Proposal 10: For Type 2 configured grant in Rel.16, when multiple configurations are configured by higher layer, one DCI in one PDCCH is used to activate/deactivate only one configuration.  
Proposal 11: For Type 2 configured grant in Rel.16, when multiple configurations are configured by higher layer, the MSB of the HPN field in DCI is used for activation/deactivation validation, while the other 3 bits are used for configuration index indication.
Proposal 12: For Type 2 configured grant in Rel.16, when multiple configurations are configured by higher layer and when CRC of DCI format 0_1 is scrambled by CS-RNTI, the positions of NDI and HPN should be fixed even if the different Type 2 configurations are configured with different higher layer parameters resulting in different bit widths for FDRA and/or FH flag. 
Proposal 13: For both Type 1 and Type 2 configured grants in Rel.16, additional values for repetition number configuration should be supported, e.g., 3/5/6/7.
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