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1.  Introduction
The semi-persistent scheduling has been adopted for VoIP in LTE. In the uplink, eNB allocates predefined resources for the first HARQ transmissions and potentially retransmissions to UEs, and HARQ is based on synchronous retransmissions.
Collisions may happen at the subframe in which predefined resource exists, due to more than one TBs need to be transmistted simultaneously. In downlink, the collisions can be solved easily by asynchronous retransmissions. But in uplink, some special mechanism is needed to avoid the collisions because of synchronous retransmissions.

In this paper, we will compare several solutions for collision avoidance for uplink semi-persistent scheduling for TDD.
2.  Collision Cases
2.1 FDD

RAN1 has agreed that the process number is 8 in FDD. With 20ms persistent resource interval and 8 ms RTT, collisions may occur between the initial transmission of the 3rd voice packet and the 5th retransmission of the 1st voice packet, this case is shown in Fig 1. If the maximum transmission number is less than 6, the collision will never happen. Even if the maximum transmission number is larger than or equal to 6, the possibility of making the 5th retransmission is also very low. So the problem of collisions in FDD is insignificant.
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Fig 1 Collision between initial transmission and retransmission in FDD

2.2 TDD
Based on different DL/UL allocation and process delay, 10ms have been deduced as a main option for RTT in TDD. As shown in Fig 2, if the 1st voice packet needs to be retransmitted twice in case of 10ms RTT, it will conflict with the initial transmission of the 2nd voice packet. So the collision in TDD is more serious than FDD.
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Fig 2 Collision between initial transmission and retransmission in TDD
In RAN2#60, we have agreed to abort any HARQ retransmission when it is possible to collide with a semi-persistent initial transmission allocation. So the packet loss rate will be unacceptable due to the higher collision probability in TDD, if nothing is adopted.
3. Solutions
There are some possible solutions:
Option 1: If there are no other subframes available, the eNB should stop the process whose retransmission will collide with an initial transmission by sending a ACK, although the packet is not decoded successfully yet. If there are other subframes available, the eNB should schedule the retransmission in current subframe, and schedule the initial transmission that was supposed to take place on the persistent resources in another available subframe[1].
With this method, the packet loss rate will be very high in TDD if the retransmissions are always terminated in advanced when there are no available subframes.
If there are available subframes, two additional UL grant signaling are needed for dynamic scheduling in each collision case, one for retransmission of previous packet and another for the initial transmission of next packet. The overhead of control channels is also considerable due to the higher collision probability.
Option 2: Allocate two sets of persistent resources for one VOIP RB, and select one dynamically between them to avoid collision.
Configure two persistent resources to a voice packet in different uplink subframes with same period (20ms packet interval), named “primary predefined resource” and “secondary predefined resource” respectively. And the interval between the primary predefined resource and secondary predefined resource is delta, where delta will be small enough so that the latency incurred by this mechanism can be ignored, e.g. a few subframes.
Taking TDD with 10ms RTT, if there is the 2nd retransmission of the previous voice packet on the primary predefined resource, the initial transmission of the next voice packet will use the secondary predefined resource. Otherwise, the initial transmission will always use the primary predefined resource, and the secondary predefined resource can be dynamically scheduled to other service.
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Fig 3 Allocate two persistent resources
This option allocate more persistent resources at the first sight, but eNB can know which predefined resource will be used for the next initial transmission, and eNB has enough time to allocate the unused predefined resource to other RBs. So no resource will be wasted.

The cons of this solution are: (1) increasing implementation complexity; (2) when the error of ACK—>NACK happens, the collision will occur again; (3) when the initial transmissions need to use the secondary predefined resources, the packets will delay at least delta.

Option 3: Reconfigure persistent resource interval, staggering the persistent resources in the occasion when the collision may happen. To realize this, we can configure the persistent resource interval for two consecutive packets close to but not 20ms.

Step1: Define two types of intervals for predefined resources, one is T1= (20+delta) ms; another is T2= (20-delta) ms. The value of delta is the same as the delta in option 2.

Step 2: Mark the first voice packet which is sent in the first predefined resource as the packet 1, and mark the follows as the packet 2, 3…. And the retransmissions of the packet 1 may collide with the initial transmissions of the packet 2, 3…N. N is the largest packet sequence number whose initial transmission may collide with the retransmissions of the packet 1.
Step 3: make n= ceil (N/2), i.e. n is an integer and (N/2) ≤n< (N/2+1). The predefined intervals will be
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And the persistent resources are allocated as Fig 4. With this interval allocation method, we can avoid the collisions between initial transmissions and retransmissions completely.
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Fig 4 Allocate two types of intervals
Assuming n=1 (N=2), i.e. the 2nd retransmission of packet 1 may collide with the initial transmission of packet 2 (as Fig 2) and no other collisions may occur. We allocate the intervals of predefined resources like Fig 5. The intervals from the 1st predefined resource are T1, T2, T1, T2…and so on. So the collisions of initial transmissions and retransmissions will never occur as shown in the Fig 5.
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Fig 5 Allocate two types of intervals with n=1 (N=2)
Assuming n=2 (N=3 or 4), such as the 5th retransmission of packet 1 may collide with the initial transmission of packet 3. So we allocate the intervals of predefined resources like Fig 6. The intervals from the 1st predefined resource are T1, T1, T2, T2, T1, T1, T2, T2….
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Fig 6 Allocate two types of intervals with n=2 (N=3 or 4)
Comparing above all options, option 3 can void collisions between retransmissions and initial transmissions completely, even when the error of ACK—>NACK happens.
But this option introduces delay for 
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. When the number of N is large, the delay can not be neglected.
Option 4: Combine option 1 and option3, at same time limiting n=1. Then the intervals of the predefined resources are always (T1, T2, T1, T2…). If collisions will occur between the retransmissions of packet 1 and the initial transmissions of other packets other than packet 2, we can abandon retransmissions or schedule dynamically both retransmission and initial transmission as option 1.
In this option, the maximum delay is delta, which is a short time such as a few subframes. And the increase of the scheduling signaling overhead isn’t high since the probability of collisions which happen between two inconsecutive packets is very low.
4. Conclusion

To resolve the possible collisions of initial transmissions and retransmissions, several options are introduced and analyzed. We prefer the option 4 because it can avoid most collisions and only increase a little signaling overhead in TDD. 
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