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1	Introduction
Based on the decisions made in RAN1#92 and RAN-P#79, the following uplink-related enhancement will be considered as the second priority until June:
Agreement:
· Second priority (best effort only): Repetition enhancements for UL SPS operation (RAN1 led)
· Finalize details of RAN1 & RAN2 agreements to support UL SPS repetition configuration (both sTTI and TTI)

Agreement: 
Study PUSCH repetition (on TTI level) as one key UL SPS enhancement for URLLC and study further how to realize it. The studies should at least include indication of the repetition factor in the activation DCI, higher layer configuration of the repetition factor and combining PUSCH repetition with TTI level FH.
In this paper, we provide some details on how the repetition-based PUSCH transmission can be implemented.
[bookmark: p3][bookmark: b]2	Indication of Repetition Factor 
Unlink the DL, in the UL direction, increasing the number of assigned RBs will not necessarily lead to an improved reliability since the UE might become power limited. Hence, enabling repetitions in the time-domain can be used to meet the reliability constraint. In such a case, the repetition factor can be semi-statically indicated as part of the UL SPS. 
Proposal 1: For UL URLLC with SPS operation, the repetition factor can be indicated semi-statically via RRC signaling.
3	Repetition Pattern in UL
The first aspect to consider when repetition based transmission is configured is that, in order to meet the stringent latency requirement of URLLC, the repetition window should be started at any TTI needed. 
Proposal 2: The initial transmission of a TB within the repetition window can take place over any UL TTI. 
A sequence of RVs with the same size as the value of the repetition factor can also be configured for a UE, e.g., if K = 3, then RV sequence could be {0,2,1}. The i-th entry of the sequence maps to the i-th TTI within the repetition window.  
Proposal 3: A sequence of RVs with the same length as the value of the repetition factor is configured for a UE. The i-th entry of the sequence maps to the i-th TTI within the repetition window.
Second, the UL layout for sTTI is designed such that no sTTI crosses the slot boundary. The main reason for this approach was to allow for better multiplexing of slot and subslot-PUSCH. When repetition is allowed, for the same reason, it is preferable to not allow the repetition window to cross the slot/subframe boundary in the DL. Even if crossing the slot boundary is acceptable at the cost of degrading the multiplexing capacity, it is preferable to not allow the repetition window to cross the subframe boundary. This is because the phase continuity across the two subsequent subframes cannot be preserved if SRS has to be transmitted, or if TPC for SPS needs to be applied at the boundary of the next subframe. As a result, coherent reception at the eNB is not possible; hence, the UL performance will be impacted. 
One example for the abovementioned approaches is shown in the figure below, where the number of possible repetitions is illustrated for a TB initially transmitted in each of the sTTIs when (a) repetition window does not cross either the slot or the subframe boundary, and (b) repetition window does not cross the subframe boundary. 


Figure 1: UL repetition pattern assuming (a) repetition window cannot cross the slot boundary, and (b) repetition window cannot cross the subframe boundary.

As can be seen from the figure above, the cost of providing better multiplexing across channels of different length is that depending on the starting TTI index of the repetition window, the required number of repetitions may not be possible. In such cases, if the UE is not power-limited, power boosting can be employed in the TTIs of a repetition window, where the required number of repetitions cannot be reached.
Another option is to consider is that the number of repetitions is always guaranteed even if the window needs to cross the slot and/or the subframe boundary as shown in the figure below:


Figure 2: UL repetition pattern assuming the number of repetitions is always guaranteed.

One issue with this approach is that for UL SPS, TPC is applied at the subframe boundary. Hence, phase continuity across the two portions of the repetition window cannot be preserved; therefore, the gains from coherent combining are not achievable. To allow for coherent combining, instead being applied at the beginning of the next subframe, the SPS TPC can be applied with additional delay.
Proposal 4: If the UL SPS window crosses the subframe boundary, the phase continuity across the two portions in two consecutive subframes should be preserved.
4	UE Capability/Configuration for Repetition-Based Transmission  
Finally, it should be noted that the handling of the back-to-back transmission of a TB associated with a given HARQ process is currently not supported in the specification. Hence, the repetition-based PUSCH is a new feature, and requires a separate UE capability signaling.
Proposal 5: Define a new UE capability signaling for supporting the repetition-based transmission in the DL.
A UE that is capable of supporting repetition-based reception can be configured to operate in this new mode. Once a UE is configured, another issue to address is that whether the UE should support both sTTI and sTTI-based URLLC with repetition simultaneously. Given that the new DCI formats could be defined to enable the repetition-based reception, and in order to not redefine the number of BDs, search spaces, etc., the UE should only be expected to support one of the two operations.
Proposal 6: Depending on the configuration, a URLLC capable UE is expected to support either the sTTI operation or the sTTI-based repetition-based reception.
5	Conclusions 
Proposal 1: For UL URLLC with SPS operation, the repetition factor can be indicated semi-statically via RRC signaling.
Proposal 2: The initial transmission of a TB within the repetition window can take place over any UL TTI. 
Proposal 3: A sequence of RVs with the same length as the value of the repetition factor is configured for a UE. The i-th entry of the sequence maps to the i-th TTI within the repetition window.
Proposal 4: If the UL SPS window crosses the subframe boundary, the phase continuity across the two portions in two consecutive subframes should be preserved.
Proposal 5: Define a new UE capability signaling for supporting the repetition-based transmission in the UL.
Proposal 6: Depending on the configuration, a URLLC capable UE is expected to support either the sTTI operation or the sTTI-based repetition-based reception.
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