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1. Introduction

In this contribution, we discuss aspects on repetition enhancements for UL SPS to enable URLLC in LTE. 
2. Potential techniques for UL SPS with repetition
In RAN1#92, the following agreements related to UL SPS were made:

	Agreement 1:
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 2:
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

Agreement 3: 

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.


Related to the agreement 3, one discussion point was how to inform UE of the number of repetitions for UL SPS operation. In RAN2#101, this issue had been discussed and already resolved by the following agreement:
Agreements

1
A variable number of consecutive repetitions in time for SPS UL should be supported and is to be controlled by the eNB through RRC signalling.

The following question is how to define the number of repetition and periodicity of UL SPS, and several scenarios can be potentially considered:

· Scenario 1: Periodicity of UL SPS = 1 TTI

· Scenario 2: Periodicity of UL SPS = Number of repetitions

· Scenario 3: Periodicity of UL SPS > Number of repetitions

· Scenario 4: Periodicity of UL SPS < Number of repetitions

In our understanding, it seems that the scenario 3 does not comply with the above agreement 1, in other words, starting the initial transmission of a TB at any TTI cannot be guaranteed. But if the scenario 3 is allowed for more flexible eNB configuration and resource efficiency, the transmissions of a repetition bundle should not be stopped, as shown in Figure 1, even when the UE starts the initial transmission in the middle of configured resource in order to guarantee the number of repetitions. 
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Figure 1. Example of scenario 3
The ambiguity problem can be avoided if the transmission of a repetition bundle can be stopped when the UE starts the initial transmission in the middle of configured resource. If the transmission of a repetition bundle is allowed even when the UE starts the initial transmission in the middle of configured resource, the number of repetitions can be guaranteed but the ambiguity problem should be resolved. 
Proposal 1: Further discussion is needed on whether the transmission of a repetition bundle is allowed or not when the UE starts the initial transmission in the middle of configured time resource. 

For a given carrier, collision between the transmission of a repetition bundle and new data arrival/scheduled PUSCH needs to be also addressed. In order to achieve reliability, the transmission of a repetition bundle should be prioritized over new data arrival or scheduled PUSCH. But, if such collision happens between different TTI lengths, the legacy rule should be kept, i.e., shorter TTI channel will have a higher priority. If collision between the transmission of a repetition bundle and new data arrival/scheduled PUSCH across different carriers happens, and if a UE is power-limited, then some different power allocation method can be considered, e.g., power reduction to new data arrival/scheduled PUSCH is firstly applied until the UE becomes non-power-limited or the power can be firstly allocated to the transmission of a repetition bundle and then the remaining power can be allocated to new data arrival/scheduled PUSCH. 
Proposal 2: The transmission of a repetition bundle should be prioritized over new data arrival or scheduled PUSCH.
If the transmission of a repetition bundle is allowed or not when the UE starts the initial transmission in the middle of configured time resource, how to determine HARQ process ID is one of essential issues for UL SPS with repetition, and the similar approach with NR can be taken into account. More specifically, HARQ process ID can be derived based on the TTI index of the first transmission of a repetition bundle and periodicity. In this case, a slight modification is expected to support the above scenario 4 (which seems further discussion on whether it is a valid scenario or not). For instance, the equation would be given as
[floor( CURRENT_TTI / max(semiPersistSchedIntervalUL-sTTI, repetitionUlSPS) )] modulo numberOfConfUlSPS-Processes-sTTI , 

where CURRENT_TTI is the TTI index of the first transmission of a repetition bundle, and repetitionUlSPS is the number of repetitions configured by RRC. 
By using this equation, different HARQ process ID will be allocated per each duration of a periodicity for UL SPS. In order to guarantee the number of repetitions for reliability, it would be beneficial not to stop the transmissions of a repetition bundle at the last transmission occasion within the periodicity. However, in this case, ambiguity on HARQ ID between eNB and UE can occur. For example, as in Figure 2, in case the periodicity of UL SPS is 4 TTI and the number of repetitions is 4, and if the repetition is started at TTI#3 within one duration of UL SPS while eNB misses the initial transmission and regards the (second) transmission at TTI#4 as the initial transmission, then the understanding on HARQ ID between eNB and UE can be different.
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Figure 2. Ambiguity on HARQ process ID between eNB and UE
To resolve this issue, additional handling could be needed such as differentiation between the initial transmission and retransmission of a TB. The implicitly differentiation can be considered by using time/frequency/code-domain resource separation between the initial transmission and retransmission. Alternatively, some explicit indication can be also taken into account, e.g., by including HARQ process ID and/or RV into PUSCH transmission. Or, the order of PUSCH transmissions for a repetition bundle or whether PUSCH transmission is the initial one or not can be indicated by including such information into PUSCH transmission with less overhead. 
Proposal 3: The differentiation between the initial and retransmission needs to be taken into account for the design of UL SPS with repetition. 
For improving/guaranteeing reliability, frequency hopping during transmissions of a repetition bundle can be considered. For subframe/slot-PUSCH, there is already the existing PUSCH hopping mechanism. On the other hand, for subslot-PUSCH, the new hopping mechanism such as TTI-level hopping can be introduced. Like NR, depending on subslot index (e.g., even or odd), the frequency resource to transmit PUSCH can be differently determined. 
For reliability, some enhancement can be taken into account with respect to power control. For example, separate power control parameters (e.g., P_0) can be configured depending on whether the repetition is applied or not, or further depending on the number of repetitions. 
Proposal 4: For subslot-PUSCH in UL SPS operation with repetition, TTI-level frequency hopping can be taken into consideration. 

Proposal 5: Separate power control parameters can be configured depending on whether the repetition is applied or not, or depending on the number of repetitions.
3. Conclusions

In this contribution, we discussed repetition enhancements for UL SPS to enable URLLC in LTE. Based on the above discussions, our proposals are given as follows:
Proposal 1: Further discussion is needed on whether the transmission of a repetition bundle is allowed or not when the UE starts the initial transmission in the middle of configured time resource. 

Proposal 2: The transmission of a repetition bundle should be prioritized over new data arrival or scheduled PUSCH.
Proposal 3: The differentiation between the initial and retransmission needs to be taken into account for the design of UL SPS with repetition.
Proposal 4: For subslot-PUSCH in UL SPS operation with repetition, TTI-level frequency hopping can be taken into consideration. 

Proposal 5: Separate power control parameters can be configured depending on whether the repetition is applied or not, or depending on the number of repetitions.
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