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1. Introduction
During LTE HRLLC WI in rel-15, an UL SPS configuration with repetition and multiple SPS configurations per cell are adopted. In this contribution, we discuss how to handle some error cases caused by multiple configuration conflicts. 
[bookmark: _Ref178064866]2. Discussion
The followings are the agreed mechanisms for UL SPS in HRLLC in RAN1 [1]: 
	The following UL SPS repetition scheme with SPS periodicity P is supported with N SPS configurations on a serving cell for subframe/slot/subslot operation, where N<=6. 
The following is defined per SPS configuration.
· The total number of UL transmissions K obtained with the UL SPS repetition scheme is RRC configured and can take any value from {2, 3, 4, 6} that satisfies K <= P.
· The initial transmission of a TB shall start at the first transmission occasion of the K transmissions. Single HARQ process/TB per transmission window. 

For UL SPS repetition with subframe/slot/subslot operation with multiple UL SPS configurations on a serving cell for a given TTI length:
· In one TTI only one UL SPS configuration can be activated
· The initial transmission of a TB for different UL SPS configurations is on different TTIs.
· Different HARQ process IDs are used for different UL SPS configurations.
· Each UL SPS configuration is activated by individual SPS activation DCI.
· The UE is not expected to receive more than one activation DCI in a TTI.

From RAN1 perspective to guarantee the number of repetitions, on a serving cell an ongoing UL SPS repetition transmission should not be interrupted by another UL SPS repetition configuration having new data arriving (i.e. UE should wait with a SPS transmission of another TB till having finished the repetitions of an ongoing UL SPS repetition transmission).



An UL SPS configuration with repetition is introduced. In this UL SPS, UE can be configured with multiple consecutive TTIs in time to transmit the transport block multiple times without waiting for HARQ feedback.  For the UL SPS repetition, the initial transmission of a TB starts at the first transmission occasion of the K transmissions. The intention for repetition is to meet the HRLLC BLER target within the given latency requirement. 

On the top of that, multiple SPS configurations per UE per cell for a given TTI length (subframe, slot or subslot) is introduced.  Multiple configurations can overlap in time while the initial transmission of a TB for different UL SPS configurations is on different TTIs. The motivation is to reduce the time between when the data is available to when the transport block can be transmitted. To guarantee the number of repetitions, on a serving cell an ongoing UL SPS repetition transmission should not be interrupted by another UL SPS repetition configuration having new data arriving (i.e. UE should wait with a SPS transmission of another TB till having finished the repetitions of an ongoing UL SPS repetition transmission).  

Therefore, with the above multiple SPS configurations, UE can start at any TTI and transmit with a configured number of repetitions. The following figure shows the expected configuration.  


[bookmark: _Ref520993678][bookmark: _Ref520993668]Figure 1 Intended multiple SPS configurations
[bookmark: _Toc521570342]To harvest the benefit of multiple SPS configurations on one serving cell, the initial transmission of a repetition sequence of multiple UL SPS configurations should not overlap.

The following agreements are made to have the configuration shown in Figure 1, but they do not handle all error cases:
· In one TTI only one UL SPS configuration can be activated
· The UE is not expected to receive more than one activation DCI in a TTI.
One error case is that the activation DCI is not sent on the same TTI, but due to the SPS recurring rules, the initial transmissions of two SPS configurations can conflict later in time. The following is one example,


Figure 2 Conflicts between the activation of two SPS configurations
[bookmark: _Toc521570343]The initial transmission of a repetition sequence of multiple UL SPS configurations might overlap, due to the periodic recurring rules of the configured grants.

[bookmark: _GoBack]If resource conflict happens, then there is no rule saying which SPS configuration the UE should follow. Even worse, if the periodicity of the two SPS configurations is the same, the conflict will be persistent. To avoid this, we may state in the MAC spec that a later received activation DCI for one SPS configuration releases the configured grants from another SPS configuration, if and only if the initial transmissions overlap. Note that there are rules to handle the case that the initial transmission from one SPS configuration overlaps with the repetitions from another SPS configuration. 

However, eNB is completely aware of the SPS configurations including the periodicity and when/if it is activated. A reasonable eNB implementation would not activate SPS configurations in this way. 
[bookmark: _Toc521570344]eNB would not activate multiple SPS configurations with periodic resource conflicts. 

It is worthwhile to mention that multiple UL SPS configurations can already be configured with V-RNTI. In this case, multiple UL SPS configurations in one cell is used to target multiple periodic traffic with different periods for V2X service. Even though eNB can activate SPS configurations at proper TTIs to avoid resource conflicts, it would eventually happen when a multiple of the periodicities from different SPS configuration is the same. To solve this issue, it is agreed that “in the event of a resource conflict between multiple UL SPS configurations configured with Uplink Semi-Persistent Scheduling V-RNTI, the UE behaviour is undefined.”, as specified in the MAC spec.  

Since there is no restriction that multiple UL SPS configurations must have the same periodicity, it might happen that some UL SPS configurations are configured with different periodicities. Thus, the resource conflict might happen occasionally, and in this case, we could follow what has been agreed for SPS V-RNTI, i.e., in the event of a resource conflict between multiple different UL SPS configurations configured with Uplink Semi-Persistent Scheduling V-RNTI, the UE behaviour is undefined.  
[bookmark: _Toc521570345]In the event of a resource conflict between multiple different UL SPS configurations configured with Uplink Semi-Persistent Scheduling V-RNTI, the UE behaviour is undefined. 

However, we have added in the MAC spec that in the same cell, the initial transmission of one SPS configuration should not interrupt an ongoing repetition (i.e., retransmission within in a bundle) of another SPS configuration as per RAN1 agreements [1]. The following is added in Clause 5.4.2.1 on HARQ entity. 
-	else if the uplink grant is a configured grant with totalNumberPUSCH-SPS-STTI-UL-Repetitions or totalNumberPUSCH-SPS-UL-Repetitions and if a retransmission within a bundle is triggered for another configured grant with totalNumberPUSCH-SPS-STTI-UL-Repetitions or totalNumberPUSCH-SPS-UL-Repetitions in this TTI:
-	ignore the uplink grant.
This behavior should be kept the same way as it is and should not be undefined. Thus, we propose that 

[bookmark: _Toc521570557]In the event of a resource conflict in the same serving cell between the initial transmision within a configured grant bundle from multiple different UL SPS configurations configured with Uplink Semi-Persistent Scheduling C-RNTI, the UE behaviour is undefined. 
A CR is provided in [2]. 
3. Conclusion
In the previous sections we made the following observations: 
Observation 1	To harvest the benefit of multiple SPS configurations on one serving cell, the initial transmission of a repetition sequence of multiple UL SPS configurations should not overlap.
Observation 2	The initial transmission of a repetition sequence of multiple UL SPS configurations might overlap, due to the periodic recurring rules of the configured grants.
Observation 3	eNB would not activate multiple SPS configurations with periodic resource conflicts.
Observation 4	In the event of a resource conflict between multiple different UL SPS configurations configured with Uplink Semi-Persistent Scheduling V-RNTI, the UE behaviour is undefined.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In the event of a resource conflict in the same serving cell between the initial transmision within a configured grant bundle from multiple different UL SPS configurations configured with Uplink Semi-Persistent Scheduling C-RNTI, the UE behaviour is undefined.
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