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1. Introduction

Synchronous HARQ operation has been adopted for the UL-SCH data transmission in LTE for both FDD and TDD [1]. With the synchronous transmission, there is a fixed relationship between HARQ process ID and system time. The system time is uniquely defined within a period as radio_frame_number * 10 + subframe number. Hence, the HARQ process ID does not need to be signalled to UE in PDCCH for uplink grants as there exists a common understanding between UE and eNB for which process is used in each subframe. 

For E-UTRAN the SFN is 10 bits [2]. In order not to disrupt the synchronous HARQ operation, the same relationship between HARQ process ID and system time has to be maintained every time when the SFN rolls over.

In this document we address the potential issue of the synchronous UL HARQ operation when the SFN rolls over and HARQ periodicity does not divide SFN roll over time. 

2. Discussion
We begin by defining a few terms
· HARQ periodicity R

The number of subframes forming the shortest periodic HARQ periodic pattern
For example, for FDD, R = 8.

For TDD configuration 1 to 5, R = 10.

For TDD configuration 0, R = 35.
For TDD configuration 6, R = 60.

· SFN roll over number N

The number of radio frames between two SFN roll over points N, for LTE, N is 1024.
When R (HARQ periodicity) divides 10N (SFN roll over number), there is no interruption of HARQ. 

3. Potential issue
For TDD configuration 1 to 5, since HARQ periodicity R is one radio frame (10) it divides 10.N, therefore, there is no issue. For configuration 0 and 6 however there is an issue
Let us consider configuration 0 as an example.


[image: image1.emf]SFN Rollover

D S U0 U1 U2 D S U3 U4 U5  D S U6 U0 U1 D S U2 U3 U4 

D S U5 U6 U0 D S U1 U2 U3 

D S U0 U1 U2 D S U3 U4 U5 

Normal HARQ pattern during a HARQ period

Disrupted HARQ due to SFN roll over


Figure 1 SFN roll over after U3 with TDD configuration 0
When the HARQ periodicity does not divide 10.N, the new radio frames start with HARQ process 0 and onwards while the previous radio frame ends with HARQ process 3. In this case, if the HARQ processes 6, 1, 2 and 3 in the previous radio frame follow the regular HARQ round trip process, the corresponding retransmissions will happen at different HARQ process IDs in the next radio frames. This will disrupt the overall HARQ operation.

Naturally the UL HARQ labelling does not need to be U0, U1, U2, U3, U4, U5, U6 – any periodic pattern with 7 HARQ processes applies. Without loss of generality, we use this labelling as an example. 

4. Potential solutions
The following are proposed:

· Option A: do not flush the HARQ buffers at SFN roll over. For the HARQ processes where it is not possible to process PDCCH or PHICH, perform non-adaptive retransmission. This avoids loss of data, and loss of use of UL subframes. This may result in not-needed retransmissions, but is a small concern compared to loss of data. In our understanding, this is how UL HARQ already behaves: when there is data in the buffer and no grant is received: perform non-adaptive retransmission ( MAC section 5.4.2.1)

· Option B: Perform HARQ reset (flush transmission buffers) at SFN roll over time at UE and eNB side. Re-start UL HARQ operation according to usual rules from there. Note that the first few UL subframes cannot be used since there is no time to receive and process PDCCH. This option results in a simple HARQ operation, with the drawback that any outstanding and already partially received data in the HARQ at the time of reset is lost, and possibly retransmitted by RLC-AM. In addition some UL subframes are unused due to impossibility to schedule them. This represents inefficient use of system resources every about 10 seconds. The problem may be severe as all the terminals in the system experience SFN roll over at the same time, therefore the system is subject to a load of retransmissions every 10.24 seconds.

· Option B1: use option B but in addition offset the point of roll over for various UEs in the system, such that the rate of HARQ reset due to SFN roll over is somewhat constant over time. A UE will use SFN’ for the purpose of UL synchronous HARQ, where SFN’ = SFN + function(UE ID). The function of UE ID is known to the eNB and UE, and could be function(C-RNTI) = C-RNTI modulo (SFN roll over number).

5. Conclusion

We describe a concern with UL synchronous HARQ operation when the SFN rolls over. We would like to confirm that the intention of the specification is A, and check if anything should be clarified in the MAC specification.
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