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1	Introduction
During the RAN1 #92, the following agreements were reach: 
Agreements:
For LTE URLLC operation, at least an UL SPS repetition configuration is supported where a UE can start the initial transmission of a TB at any (s)TTI

Agreement:
RAN1 should strive to design a UL SPS repetition scheme where the number of repetitions K is guaranteed under certain conditions related to collision with e.g. new data arrival or scheduled PUSCH. The so far identified issues to solve are:
· Ambiguity of HARQ process between eNB and UE and reception performance because eNB may not know if the received transmission is the first transmission of a new TB or a repetition of a previous TB
· Phase continuity when transmitting SRS or when crossing the subframe boundary

Then, during the offline discussions of RAN1#92b, the following three solutions were identified in order to support the repetition based SPS for UL URLLC:
Solution 1:
Repetition windows are defined by a fixed periodicity of duration P. Within each periodicity window, a transmission occasion of size K is defined. The initial transmission can only be started at the beginning of a given occasion.
· K repetitions are guaranteed.
· Additional delay may occur if a packet transmission misses the transmission occasion.

Solution 2:
The initial transmissions can start at any given TTI, and be continued K times.
· K repetitions are guaranteed.
· The scheduling delay is equal to the TTI alignment delay.

Solution 3:
Repetition windows are defined by a fixed periodicity of duration P. Within each periodicity window, a transmission occasion of size K is defined. The repetitions can be started during any TTI within the transmission occasion window, and can only be continued until the end of the window.
· K repetitions are not guaranteed.
· If K = P, the incurred latency is the same as the second approach.


Among the three solutions, only the second can reduce the latency and improve reliability simultaneously. The other two approaches either target at improving reliability (solution 1) or at reducing latency (solution 3). In addition, solution 3 does not guarantee K repetitions for each TB transmission. Based on the previous agreements, the adopted solution should satisfy this requirement. 
Having said that, the implementation of the second approach calls for an eNB receiver design that is capable of testing multiple hypotheses at every given TTI. To allow different eNB implementation to support UL URLLC, a reasonable approach could be to define multiple SPS configurations, and allow the eNB to decide which/how many of them should be configured to strike a balance between its complexity considerations and the performance requirements of a given use case.
The next section of this paper provides some more design details to achieve the aforementioned objective.
2	UL URLLC with Multiple SPS Configurations 
Ideally, solution 2 is the preferred approach as mentioned above, while solution 1 is simple and guarantees the K transmissions as per previous agreements. One way to trade-off eNB implementation complexity and latency/reliability is to allow eNB to configure multiple SPS configuration as in solution 1 with a given P and K, but different offsets as shown in the figure below.
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Figure 1: Two SPS configuration for a UE with P = 4, K = 2 and offset of 1 TTI.
As shown in the figure, two repetition-based SPS configurations are assumed for a given UE. This ensures that the repetitions can start at two occasions; if the transmission misses the first occasion under configuration 0, it can be sent over the first occasion using configuration 1. As a consequence, the latency is reduced. However, if the TB misses both occasions, it has to wait until the 2nd occasion of configuration 0. In return, the eNB implementation complexity is reduced since the eNB needs to perform a smaller number of hypothesis testing operations as compared to the scenario that solution 2 is adopted.
In case the higher complexity is acceptable by the eNB, more configurations can be indicated to a UE. One example is shown in Figure 2. In this example, four configurations are indicated to a UE. Each configuration by itself is an example of solution 1. However, when all four are configured, the UE can start the transmission at any TTI. This also satisfies the previous agreement that at least one configuration with the possibility of starting the repetition from any TTI is satisfied. In addition, K repetitions are guaranteed.
Based on this approach, the eNB has the flexibility to choose P and K based on the traffic needs, and select the number of configurations to meet its acceptable level of detection complexity. 





Proposal 1: For repetition-based UL SPS in LTE-URLLC, a UE can be configured with one or more configurations. Each configuration comprises a fixed periodicity window of size P. Within each periodicity window, a transmission occasion of size K is considered, where the occasion starts from the first TTI within the periodicity window. If more than one configuration is indicated to a UE, the values of K and P are identical across all configurations. Further, the configurations are offset such that the starting position of transmission occasions across different configurations are not overlapping.
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Figure 2: Four SPS configurations for a UE with P = 4, K = 2 and offset of 1 TTI.

3	Multiple TBSs to Achieve Low Coding Rates 
Currently, the lowest achievable coding rate in legacy LTE is about 0.1. In sTTI, since the number of resources and the TBS are both downscaled with the same factor, the minimum achievable coding rate remains the same. Hence, for reducing the coding rate, smaller TBS scaling factors as compared to the ones adopted for sTTI can be considered.
As an example, two values for subslot TTI with two data symbols, 1/6 and 1/12, and two values for sublot TTI with 1 data symbol, 1/12 and 1/24, can be supported. One value can be indicated to the UE as part of the SPS configuration. Alternatively, the selected scaling factor could be implicitly indicated as a function of K.
Proposal 2: At least two TBS scaling factors per sTTI length can be considered for repetition-based UL SPS operation.
4	Conclusions 
Proposal 1: For repetition-based UL SPS in LTE-URLLC, a UE can be configured with one or more configurations. Each configuration comprises a fixed periodicity window of size P. Within each periodicity window, a transmission occasion of size K is considered, where the occasion starts from the first TTI within the periodicity window. If more than one configuration is indicated to a UE, the values of K and P are identical across all configurations. Further, the configurations are offset such that the starting position of transmission occasions across different configurations are not overlapping.
[bookmark: _GoBack]Proposal 2: At least two TBS scaling factors per sTTI length can be considered for repetition-based UL SPS operation.
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