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1.
Introduction
This paper discusses some issues regarding semi persistent scheduling in combination with TDD and proposes a way forward.
2.
Discussion and proposal
It has been agreed that the periodicity of a semi persistent pattern shall be configured by RRC but the details of the configuration are not agreed. For FDD it could be natural to specify the periodicity in terms of ms or sub frames. For TDD however this may not be the best choice. If the configured semi persistent periodicity is not an even multiple of 10 ms the resource intended e.g. for uplink transmission would sometimes be mapped to UL sub frames and sometimes to DL sub frames. Consider for example the configuration DSUUUDDDDD, where the sub frames are numbered 0-9. 
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 If the semi persistent pattern for uplink transmission starts in sub frame 4 and the periodicity is 11 ms it means that the allocation in the next frame will be mapped to sub frame 5 which is a downlink sub frame. Therefore it is proposed that the periodicity for TDD is expressed in terms of UL sub frames and DL sub frames. For FDD the periodicity can simply be expressed in sub frames in both UL and DL.  If it is desired that the allocation for uplink transmission occurs with 20 ms periodicity (for VoIP) the eNB would in the TDD configuration shown above configure the periodicity for uplink transmissions to 6 UL sub frames.
Proposal 1: The periodicity of a semi persistent pattern is expressed in sub frames for FDD and in uplink sub frames and downlink sub frames for TDD.
If semi persistent scheduling is used for VoIP with 20ms packet inter-arrival time, the operation is potentially inefficient for TDD with RTT of 10 ms. With current agreements the second retransmission of each VoIP packet will occur simultaneously as the first transmission of the subsequent VoIP packet. According to current agreements this can be handled such that the eNB in this case sends a scheduling grant to explicitly schedule the second retransmission of a VoIP packet and send another scheduling grant to schedule the first transmission of the next VoIP packet (for example in the following TTI). 

This reduces the usefulness of semi persistent scheduling since two scheduling grants needs to be sent if a VoIP packet requires two or more HARQ retransmissions. For this reason a solution based on multiple semi persistent patterns has been proposed and analysed in [1]. The basic idea is to have two semi persistent patterns with different periodicity. Since that scheme introduces extra complexity it would be attractive if the current mechanisms can be used, but configured in a way that avoids using very many scheduling assignments.
One possibility is to configure the semi persistent periodicity to 7 UL sub frames instead of  6 UL sub frames. That means that the VoIP packet is buffered for an additional time for transmission, causing some additional delay. With the TDD configuration shown in the figure above the mapping of semi persistent resource to sub frame would look like in the table below:

	VoIP packet
	SPS in Sub frame
	Additional delay [ms]

	1
	2
	0

	2
	3
	1

	3
	4
	2

	4
	2
	10

	5
	3
	11

	6
	4
	12

	7
	2
	20

	8
	3
	1

	…
	…
	…


Table 1 Illustration of the jitter (additional delay) caused by the configuration
The additional delay is 1 ms for the second packet and 2 ms for the third packet. For the third packet the uplink transmission can not be mapped to sub frame 5 which is a downlink sub frame, instead it is mapped to the next available uplink sub frame which is sub frame 2 in the subsequent frame. When the delay has reached 20 ms two packets will be available in the buffer. The semi persistent resource is typically not large enough to accommodate two packets which means that the first packet will be transmitted, potentially parts of the second packet (if it fits in the resource) and a buffer status report indicating that more data exists in the buffer. The eNB thus schedules the remainder of the second packet with dynamic scheduling.

This approach means that one scheduling grant is needed every 120 ms which is negligible. The procedure introduces additional jitter uniformly distributed [0..20 ms]. VoIP clients need to have de-jitter buffers on the receiver side anyway to compensate for delay variations due to HARQ retransmissions, scheduling delays and buffer delays in the internet. Thus the additional 0..20 ms jitter is mainly experienced as a slightly longer end to end delay which in this case only has a minor impact on the end user performance [2]. This way of configuring the semi persistent scheduling therefore seems like a feasible solution in the case where two or more HARQ retransmission happens frequently. Therefore we don’t think that additional mechanisms are needed.
Note that the time between the needed scheduling grants and the appropriate semi persistent periodicity depends on the TDD configuration.

Proposal 2: No additional mechanism is needed to handle semi persistent scheduling for TDD

3.
Conclusion
Based on the reasoning above we think that if the semi persistent periodicity is expressed in terms of UL and DL sub frames for TDD the current mechanisms can be configured in a way that avoids excessive use of scheduling grants. We therefore don’t see a need for additional mechanisms for TDD.
Proposal 1: The periodicity of a semi persistent pattern is expressed in sub frames for FDD and in uplink sub frames and downlink sub frames for TDD.

Proposal 2: No additional mechanism is needed to handle semi persistent scheduling for TDD
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