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1.  Introduction
The synchronous HARQ and scheduling based transmission are agreed in LTE both for FDD and TDD in Uplink. But the concrete mechanisms about synchronous HARQ and scheduling are different in TDD compared with FDD due to the mixed UL/DL. In this contribution the UL grant procedure associated with synchronous HARQ are analyzed for TDD.
2.  Discussion
2.1 UL HARQ for TDD
It seems that setting the HARQ RTT equal to the multiple of half-frame (5ms) is a better way to realize synchronous HARQ in TDD system when taking about the commonality and complexity [1][2]. In this case the same HARQ process will always transport TB at the same UL subframe in a half-frame.
2.2 UL Grant for TDD

It is easy to define the mapping between UL grants and UL subframes in FDD, since the UL and DL subframes exist simultaneously. For TDD the mapping from UL grants to UL subframes also depend on the UL/DL allocation. So RAN1 has agreed a USI (UL subframe Index) field in UL grant as the design basis to indicate which uplink subframe the grant is valid for [3].
2.2 UL grant in synchronous HARQ
Figure 1 shows the HARQ transmission when taking account of processing latency, in which Tenb is the processing time for UL data in eNB, and Tue is the processing time for UL grant in UE.
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Figure 1 the HARQ transmission

Obviously, the DL subframes in d are possible occasions for eNB to transmitting UL grants to schedule next initial transmission or retransmission. There is one DL subframe at least in d, because the HARQ feedback (in DL) also needs to be sent.
Furthermore the UL grant procedures for successive half-frames are described in figure 2.
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Figure 2 the UL grant for adjacent half-frame

In Figure 2, the RTT for HARQ process associated with UL subframe P is assumed to be two half-frames. The d zone for UL subframe P in the half-frame N+2 and N+3 is denoted as dN+2 and dN+3 respectively. Two cases are analyzed separately according whether the dN+2 and dN+3 overlap, which will determined by UL/DL allocation and processing latency.
Case1: dN+2 and dN+3 does not overlap, i.e. the C is not later than B in figure 2. 

In this case, the UL grants for UL subframe P in half-frame N+2 during dN+2 and half-frame N+3 during dN+3 respectively is distinct in transmitting occasions. The USI associated with UL subframe P in the UL grant is refer to the first UL subframe P after the UL grant is decoded successfully.
Case2: dN+2 and dN+3 overlap each other, i.e. the C is later than B in figure 2.

In this case, the length from B to C is bigger than zero. The UL grant located in DL subframes between B and C will incur ambiguity in scheduling UL subframe P in half-frame N+2 and half-frame N+3, except some principles for transmitting UL grants are predefined. A reasonable and simple way is to limit the UL grant for UL subframe P in half-frame N+3 can only be sent during C and D. Same principle also need be applied to UL grant for UL subframe P in half-frame N+2, in which the related UL grants will be transported during E and C (the length from A to E equal to B to C). Accordingly, there is same process procedure as in case1 for UEs in case 2, i.e the UL grants always schedule the first corresponding UL subframe after finishing decoding the UL grant.
3. Summary
With the discussion in section 2, there is a predefined window for transmitting UL grant related with a UL subframe in TDD, for example, the A to C for case1 and E to C for case2 associated with UL sunframe P in half-frame N+2 in figure 2. The UL grants for each UL subframe can only be sent in the related window to avoid ambiguity. A similar UL grant window also exists in FDD, however, the window size just equal to one subframe size.
4. Proposal

The mixed UL/DL and the USI field need a special UL grant procedure for TDD. We ask RAN2 to take account of these TDD-specific characters in discussing and drafting the stage 3 specification.
5. References
[1] R2-062932, Proposals on the synchronous HARQ in LTE TDD, CATT, RITT;

[2] R1-073533, HARQ RTT and Processes Number in TDD, CATT;

[3] R1-070870, Notes from offline discussions on PDCCH contents, Discussion moderator (Ericsson).
PAGE  
2
R2-074168


_1251898909.vsd
�


_1252044321.vsd
�

UL Subframe P


UL Data


Half-frame N


UL Subframe P


Half-frame N+1


UL Subframe P


Half-frame N+2


UL Subframe P


Half-frame N+3


Tenb


UL Data


Tue


dN+2


UL Data


Tenb


UL Data


Tue


t


dN+3


…………


…………


…………


C


D


A


B


E



