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1.
Introduction
When persistent scheduling is used, the initial HARQ transmission of a MAC PDU is made without any information delivered over PDCCH. But, re-transmission for the MAC PDU is dynamically scheduled with information delivered through PDCCH. To properly perform HARQ combining, UE has to know the mapping between the initial transmission and re-transmission.

In previous meeting in Shenzhen, it was agreed that the configuration of SPS (Semi-Persistent Scheduling) is done by using another C-RNTI. Based on this agreement, this document looks at how the mapping should be done.
2.
Discussion
2.1 Baseline HARQ operation with Persistent Scheduling
Following figure shows the example operation with persistent scheduling.
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Figure 1 –Persistent scheduling
As shown in figure 1, UE tries to receive predefined radio resources and send HARQ ACK/NACK according to the result of decoding. When HARQ NACK is received for the initial transmission, eNB send retransmission by sending resource allocation information over PDCCH. UE tries HARQ decoding by combining these transmissions. 
2.2 HARQ matching Problem
Normally, Downlink Assignment information in PDCCH is necessary for dynamic resource allocation. When persistent scheduling is used, there are two instances when dynamic resource allocation is used. First instance is when Downlink Assignment is transmitted at the timing of persistent resource allocation. Second instance is when Downlink Assignment is transmitted at the timing of HARQ-retransmission. 

Though asynchronous HARQ operation is used for downlink, the timing of initial transmission for persistent scheduling is obvious. Accordingly, if Downlink Assignment is received at the timing of persistent resource allocation, the HARQ receiver knows the HARQ process ID that is handling what might have been transported over persistent radio resource.

On the other hand, due to asynchronous nature, there is no fixed timing for the HARQ retransmission. Thus, when a HARQ receiver receives Downlink Assignment indicating HARQ re-transmission, it is not easy task for the receiver to trace back the related initial transmission. I.e., the HARQ receiver has to decide whether the related initial transmission is performed using Downlink Assignment or persistent resource allocation. And if the related initial transmission was performed over persistent resource allocation, the HARQ receiver has to identify the time at which the transmission was made.
Following figure 2 and 3 shows the problems mentioned above.
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Figure 2 – Identification problem for persistent transmission.

[image: image3.emf]1 2 3

1st TX 1st TX

time UE

Persistent Resource

Dynamic Resource

Allocation by persistent resource

Allocation by PDCCH

Voice packets

Nack Nack

If this is for retransmission of persistent 

scheduling, how receiver know whether 

this is for Packet 1 or 2 ?


Figure 3 – Timing ambiguity with persistent transmission
During HARQ operation, the HARQ receiver combines the currently received transport block with previously received transport block if needed. Because there are many HARQ processes, the receiver needs correct information regarding which transport blocks should be combined or should not be combined together. Otherwise, data corruption occurs in the HARQ reception buffer. 
2.3 Proposed solution

Because the reconfiguration of SPS can be made at any moment, UE always has to monitor PDCCH using both SPS C-RNTI for SPS configuration and normal C-RNTI for normal HARQ operation. This fact can be used for the adaptive HARQ operation. For example, when eNB wants to control UL resources for re-transmission of SPS, the eNB sends UL Grant by using SPS C-RNTI. 

I.e., the HARQ for normal scheduling uses normal C-RNTI and HARQ for SPS uses SPS C-RNTI. In addition, to discriminate configuration of SPS and retransmission of SPS, separate RV value is used. 

For each case, following behavior will result:

Case A. initial Configuration of SPS

· To configure radio resources for SPS, SPS C-RNTI is transmitted over PDCCH. In this case, RV value is set to a specific code value such as RV=0.
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Figure 4 – Example for Case A
Case B. adaptive re-transmission for SPS

· When eNB wants to change UL resources used for retransmission after the initial transmission is performed over SPS, the eNB sends UL Re-transmission Grant using SPS C-RNTI over PDCCH. In this case, to discriminate this case from Case A, other RV value than RV=0 is used. 
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Figure 5 – Example for Case B
Case C. overriding of SPS 

· When eNB wants to allocate different UL resources at the timing of initial transmission of persistently scheduled resources, the eNB transmits UL Grant by using normal C-RNTI over PDCCH.
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Figure 6 – Example for Case C
Case D. overlapping of multiple HARQ processes

· When a HARQ retransmission for a previous packet over SPS extends beyond the timing of initial transmission for the next packet over SPS, the two HARQ processes has to be differentiated. In this case, separate HARQ process IDs should be used.
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Figure 7 – Example for Case D
Regarding the case D, the remaining issue is how to associate HARQ ID for each transmission of SPS. And how many HARQ process ID needs to be reserved.
The easiest solution is for the eNB to notify UE of the number of HARQ process ID to be used for SPS. And, at each time when persistent scheduling resource is configured for initial transmission, one of the allocated process IDs is implicitly used one after another. For example, if HARQ process ID 1, 2 and 3 are allocated for persistent scheduling, process ID 1 is used for the 1st and 4th persistent radio resource, process ID 2 for 2nd and 5th, and process ID 3 for 3rd and 6th persistent radio resource. Following figure 8 shows the example.
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Figure 8 – Implicit assignment
The number of used HARQ Process ID for SPS will be much smaller than the number of HARQ process ID for normal scheduling. Then, the number of bits for HARQ process ID for SPS will be much smaller and the saved bits can be used for other purpose. 
3.
Conclusion
It is proposed to discuss behaviour in section 2.3. Following is proposed:

· C-RNTI for SPS over PDCCH is used when UL Grant is transmitted for the HARQ retransmission of SPS
· C-RNTI for normal HARQ over PDCCH is used when UL Grant overriding SPS configuration is sent at the timing of initial transmission for SPS

· To differentiate SPS configuration from SPS re-transmission, specific code point of RV is used for SPS configuration.

· HARQ process ID is implicitly assigned for each HARQ transmission over SPS.
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