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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 to ensure a sufficient number of repetitions for configured grant PUSCH transmission would be needed. To achieve this, allowing repetitions across period boundary has been proposed and identified as a potential solution [2].
In this contribution, we further discuss the details on the support of repetitions across period boundary for Rel.16 URLLC, including the necessity as well as the issue to be solved.
2 Discussion
2.1 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 start 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 smaller number of repetitions than configured, which may fail to meet the super high reliability requirement for Rel.16 URLLC services, as depicted in Figure 1.
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Figure 1 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, enhancements 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 repetitions of a TB with Rel.15 flexible start to cross a period boundary.

· Opt-2: Using multiple active configurations to reduce latency and enhance reliability.

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 reducing latency and enhancing reliability. However, this is not true due to at least the following reasons:

· Using multiple active configurations for reducing latency and enhancing reliability 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 reduce latency and enhance reliability 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 to reduce latency and enhance reliability, 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 reducing latency and enhancing reliability, the actual repetition number may still be smaller than the configured one due to the reasons discussed in Figure 1(b).

Based on the above analysis, to guarantee a low-latency and yet reliable transmission, it is necessary to support repetitions (either slot-based or mini-slot-based) with Rel.15 flexible start to cross a period boundary, no matter whether a UE is configured with multiple active configurations or not.
Observation 1: Using multiple active configurations for reducing latency and enhancing reliability 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 2: Due to limited frequency and/or DMRS resources, it is not always possible to configure a sufficient number of active configurations to reduce latency and enhance reliability for one service/traffic type, especially when there are different services/traffic types to be supported simultaneously.
Observation 3: 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 reduce latency and enhance reliability.
Observation 4: Even if multiple active configurations can be configured for reducing latency and enhancing reliability, the actual repetition number may still be smaller than the configured one 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: For both Type 1 and Type 2 configured grants in Rel.16, repetitions (either slot-based or mini-slot-based) with Rel.15 flexible start and across period boundary should be supported.
2.2 Initial transmission identification
As discussed in section 2.1, 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 2, 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 2 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 2: To support repetitions across period boundary, a UE can be configured with two orthogonal DMRS ports for one configuration for initial transmission identification.
3 Conclusion 
In this contribution, we discuss the support of repetitions across period boundary for PUSCH transmission with configured grant. Observations and proposals are summarized below:
Observation 1: Using multiple active configurations for reducing latency and enhancing reliability 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 2: Due to limited frequency and/or DMRS resources, it is not always possible to configure a sufficient number of active configurations to reduce latency and enhance reliability for one service/traffic type, especially when there are different services/traffic types to be supported simultaneously.
Observation 3: 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 reduce latency and enhance reliability.
Observation 4: Even if multiple active configurations can be configured for reducing latency and enhancing reliability, the actual repetition number may still be smaller than the configured one 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: For both Type 1 and Type 2 configured grants in Rel.16, repetitions (either slot-based or mini-slot-based) with Rel.15 flexible start and across period boundary should be supported.
Proposal 2: To support repetitions across period boundary, a UE can be configured with two orthogonal DMRS ports for one configuration for initial transmission identification.
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