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1
Introduction
In RAN#71, a new Work Item on L2 latency reduction techniques for LTE was approved [1], and one of the objectives was as below:
	· Introduction of short SPS period to allow UL prescheduling


As agreed in the SI phase, supporting of a SPS period of 1ms is beneficial as this would reduce the latency of initial UL transmissions. However, by using the SPS period of 1ms, the UL new transmissions may occur in every TTI hence non-adaptive retransmissions will collide with new transmissions on SPS resources. In this contribution, we will provide further analysis on the collision problem and then propose feasible solutions.
2
Collision problem
If the SPS period of 1ms is supported, the UE will be able to perform new transmission in every TTI with the configured UL grants, consequently new transmissions will collide with the non-adaptive retransmissions which is supposed to be transmitted on the same SPS resource, as shown in Figure 1. With the 10ms or longer SPS period as today, collision between new transmissions and non-adaptive retransmissions occurs rarely since the HARQ RTT and the SPS period are different, but with the newly introduced 1ms SPS period the collision problem becomes serious.
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Figure 1: Collision of new transmissions and non-adaptive retransmissions
Collision between new transmission and non-adaptive retransmission on SPS resource was discussed in the past for TDD. For instance, the uplink HARQ RTT is 10ms in case of TDD configuration 1. If the uplink SPS period is 10ms as well, then new transmission and non-adaptive retransmission will collide with each other as soon as the failure of the new transmission. To avoid the collision, a so-called “Two Intervals Config” mechanism was introduced to adjust the SPS period periodically by a predefined sub-frame offset, as shown in Figure 2.
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Figure 2: “Two Intervals Config” mechanism to avoid the collision in TDD
Based on the current specification described in TS36.321 section 5.4.1, if an uplink grant has been configured for one TTI, the NDI bit for the corresponding HARQ process is considered to have been toggled. This means, when collision between new transmission and retransmission on SPS resource happens, the new transmission will always take precedence of the retransmission. However, with the introduction of uplink grant skipping, the UE may finally skip the UL new transmission if there is no available traffic data to transmit. Consequently, the UE will perform neither retransmission nor new transmission and the UL transmission opportunity is wasted. 
Observation: With 1ms SPS period, the collision between non-adaptive retransmissions and new transmissions may happen frequently, and in this case  new transmission will always take precedence of retransmission according to the current specification even if the UE may finally skip the UL transmission because of no available data.
3
Potential solutions
There are two potential solutions to address the collision problem after the introduction of short SPS period, as described below.

Solution 1: Non-adaptive retransmission is totally replaced by adaptive retransmission which is scheduled by eNB with explicit PDCCH consequently retransmission will take precedence of new transmission. This is purely implementation dependent without any specification modification. Obviously, the shortcoming is more PDCCH overhead.

Solution 2: Prioritize non-adaptive retransmission over new transmission on SPS resources, e.g. by RRC configuration. By doing so, no extra PDCCH overhead for retransmission is required. If there are new traffic data to be transmitted in the colliding TTI, the transmission of the new traffic data could be postponed to the subsequent SPS occasions, which is acceptable since the SPS period is quite short. This solution is quite similar to the “Two Intervals Config” mechanism that was introduced for TDD.
Based on the above analysis, it is apparently that solution 2 is better.

Proposal: When short SPS period is configured, the eNB can configure the UE to prioritize retransmission over new transmission on SPS resources. 
4

Conclusion

In this contribution, we provided some analysis on the collision between new transmission and retransmission on SPS resources after the introduction of short SPS period, and we have the following observation:

Observation: With 1ms SPS period, the collision between non-adaptive retransmissions and new transmissions may happen frequently, and in this case  new transmission will always take precedence of retransmission according to the current specification even if the UE may finally skip the UL transmission because of no available data.
Therefore, we propose:
Proposal: When short SPS period is configured, the eNB can configure the UE to prioritize retransmission over new transmission on SPS resources. 
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