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1 Introduction
As well known and agreed, UL is in synchronous HARQ operation for both FDD and TDD. Therefore, the timing of the uplink scheduling grants and the uplink transmissions, and the timing of uplink transmission and its associated PHICH (for non-adaptive synchronous HARQ) or uplink scheduling grant (for retransmission in case of adaptive synchronous HARQ or new transmission) need to be predefined in the specifications to avoid uplink transmission ambiguity. This is what we name it UL HARQ timing definition. 
For example, for PHICH and FDD, the time is specified from the number of HARQ proceses, which is agreed to be 8, thus the reception of PHICH or PDCCH in subframe n results the PUSCH transmission in subframe n+4 for FDD, and transmission of PUSCH in subframe n+4 results the PHICH or PDCCH in subframe n+8. Note, the timing from reception of PDCCH UL grant to transmission on PUSCH should be the same as between PHICH and PUSCH when possible.
In this contribution, we discussed this UL HARQ timing of LTE TDD.
2
Discussion
In TDD operation, the HARQ process number and pattern is UL/DL dependent [1]. The UL HARQ timing is not as straightforward as it is in FDD, e.g. reception of PHICH or PDCCH in subframe n results in first possible PUSCH transmission in subframe n+4, but as TDD is not contiguous in UL transmission, the PUSCH transmission has to be delayed at least until the next available UL subframe. Similarly, transmission of PUSCH in subframe n+4 results in an earliest associated PHICH or PDCCH in subframe n+8 but these could be delayed to next available downlink subframe or even further (depends on overall HARQ timing), if subframe n+8 is not a downlink subframe in TDD. This will un-avoidably incur longer HARQ round-trip-time (RTT) for TDD compared to FDD.
On the other hand, this can in some cases give the UE or the eNB more time budget for processing the reception of PHICH/PDCCH or PUSCH and transmission preparation of PUSCH or PHICH/PDCCH, respectively. Since processing time of UE and eNB has to be agreed for the most stringent case, this equivalently gives the eNB more flexibility in terms of in which downlink subframe the associated PHICH or PDCCH should be transmitted without affecting the synchronous UL HARQ and RTT.
All aforementioned phenomena are illustrated in Figure 1 (for 5ms UL/DL period pattern) and Figure 2 (for 10ms period pattern), where we assume at least/most 3ms processing time for eNB upon receiving PUSCH to generate the next PHICH and/or PDCCH, which is same assumption as FDD. However, please be noted that as discussed in [1], we assume at least/most 2ms processing time for the UE upon receiving PHICH/PDCCH until it can start PUSCH transmission.
As shown in the figures, most of HARQ processes has more than one candidate subframe to transmit/receive PHICH or PDCCH without affecting the HARQ process numbering or the RTT. Some principles are considered/proposed to select only one of the candidate subframes for associated PHICH or PDCCH transmission for the HARQ loop:
· Some HARQ channels may have only one candidate subframe, so those should be fixed first.
· PHICH or PDCCH UL grant is preferably sent as close to its associated uplink PUSCH transmission as possible in order to e.g. (1) have “fresher” UL quality report available; (2) serve the “latest” scheduling request; and (3) make more initial room for more accurate DL PDSCH scheduling by postponing UL grants..
· PHICH or PDCCH UL grant is preferably evenly distributely among available PDCCH to avoid excessive load on PDCCH power/capacity thus reducing the DL scheduling flexibility. On the other hand, since most of UL/DL configurations are DL-oriented this consideration in practice means that PHICH or PDCCH UL grants from one downlink subframe is associated to only one UL subframe/PUSCH.
In light of the above proposed considerations, one may select the downlink subframe which contains the PHICH or PDCCH UL grant for the corresponded HARQ channels, as shown in red box in Figure 1 and Figure 2. One exception is 1DL:1S:3UL configuration, this is the only TDD DL/UL configuration which DL is shorter than UL per 5ms and/or 10ms period. As discussed in [2], to relieve the potential higher loading of PDCCH i.e. a few UL grants associated to one more UL subframe need to be carried, a multi-TTI UL scheduling with 2-TTI window length is proposed. Consequently, PHICH or PDCCH UL grant needs to be designed to maximize the potential gain of PDCCH overhead saving. This particular configuration is still for further study as multi-TTI grant and HARQ processes may be co-designed.
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Conclusions
We have shortly discussed the principles/consideration regarding to the UL HARQ timing i.e. the timing of uplink transmission PUSCH and its associated PHICH (for non-adaptive synchronous HARQ) or uplink scheduling grant (for retransmission in case of adaptive synchronous HARQ or new transmission), and the timing of the PDCCH uplink grant or PHICH and the PUSCH transmissions. Accordingly, the timing relation illustrated in figure 1 and 2 can be accepted as the way forward. The special case of 1DL:1S:3UL may still be for ffs.
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Figure 1, UL HARQ Timing, 5ms allocation period.
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Figure 2, UL HARQ Timing, 10ms allocation period.




























































