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1. Introduction

This contribution discusses downlink control signalling for TDD.  An illustration of FS2 is shown in Figure 1.  Sub-frames 0 and 5 are always downlink sub-frames.  Depending on the switch-point periodicity, the following DL/UL restrictions are further placed –
· 5ms: Sub-frames 2 and 7 are uplink sub-frames.

· 10ms: Sub-frame 2 is an uplink sub-frame, sub-frames 7, 8, 9 are downlink sub-frames.
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Figure 1.  Frame structure type 2 [1].

As a result, the following DL:UL allocations are supported –

· 5ms: 1:3, 2:2, 3:1

· 10ms: 5:3, 6:2, 7:1

Hence, the most extreme DL:UL allocations that must be handled are 1:3 and 7:1.   Also note that out of all the possible configurations, only DL:UL split of 1:3 has more uplink than downlink sub-frames.
2. Need for 1 DL: 3 UL configuration
When TDD configuration has more uplink than downlink sub-frames, downlink control signalling design must account for this imbalance.   For instance, PHICHs for multiple uplink sub-frames will need to be configured in one downlink sub-frame.  In addition, 3 OFDM symbols may not be sufficient for control, especially in coverage-limited scenarios.  This presents some challenges in the design of the control signalling that must be handled only for this particular case.  In addition, from a system deployment perspective, it is reasonable to expect that this configuration will not be used substantially as few applications support such asymmetric DL:UL bandwidth requirement.  So, from these perspectives, it seems that this configuration is of limited use.
However, one important use for this configuration is to provide co-existence with TD-SCDMA systems with DL/UL allocation of 2:5.  In this case, it is necessary for the LTE systems to use 1:3 split.  As a result, it seems that this configuration must be supported, unless TD-SCDMA DL/UL allocation of 2:5 is not allowed as well.
3. PCFICH
The PCFICH denotes the number of downlink OFDM symbols reserved for control signalling.  Currently, values of 1, 2, and 3 are supported.  For the 1:3 configuration, there is a concern whether 3 OFDM symbols are sufficient to transmit all necessary control information.  In this case, each DL sub-frame must contain all PDCCHs for 4 sub-frames in addition to 3 sets of PHICH groups, each set corresponding to one UL sub-frame.  Note that since it is possible to address multiple uplink sub-frames with one scheduling grant, the number of required grants should be reduced substantially.  However, it is apparent that in coverage-limited situations, the system can become easily control-limited.  In this case, uplink users can be scheduled aggressively and then rely on re-transmissions which do not require additional grants.  Another possibility is to also allow n=4 OFDM symbols for control by utilizing the reserved PCFICH value.  For example, with 5 MHz system bandwidth, this provides 6 additional CCEs.   However, it is not expected that this approach will provide sufficient gain to justify introducing this additional feature at this late stage.
Recommendation: Maximum of 3 OFDM symbols for downlink control for TDD. 
4. PDCCH
For the PDCCH, it was agreed that an uplink scheduling grant can address multiple uplink sub-frames, with the number of bits in the UL Index field FFS.  This feature is attractive even if the 1:3 DL:UL configuration is not used, as it can reduce overhead substantially.  One issue to consider in determining this value is the number of PHICHs that must be supported in the downlink sub-frame.  However, as noted earlier, with the 1:3 configuration, PHICHs for 3 uplink sub-frames must already be supported.  As a result, it is reasonable to ensure that an uplink scheduling grant can address up to 3 uplink sub-frames.  Note that since users will likely be scheduled in consecutive sub-frames, the actual number of configurations may be reduced to 6.  However, 3 bits are still required.  A simple bitmap may be used to select the uplink sub-frames being scheduled.  Note that since the uplink scheduling grant is smaller than the downlink assignment, these addition bits are not expected to significantly impact performance or coverage.
Recommendation: A bitmap (3 bits) is used to indicate the uplink frames for which the grant is valid.
5. PHICH
PHICH resource signalling scheme is only briefly summarized here and detailed proposal can be found in [2].  The PHICH resource for each downlink subframe can be determined by signaling Nh which indicates how many PHICH mini-CCEs (N) and PHICH groups (N/3) are provisioned in each downlink subframe [2]. 

For TDD it is proposed that Nh determines the PHICH resource (N) on a per downlink subframe basis.  Those DL Subframes without a corresponding UL Subframe would not be provisioned with PHICH (see Table 1 below).  That is, only the K DL subframes are provisoned with PHICH where K is MIN(#DL, #UL subframes in a TDD frame) as defined by

Table 1 – TDD DL Subframes with PHICH Resource (N)
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Configuration with PHICH Resource (N)

1:3 0

2:2 0,1

3:1 0

5:3 0,1,5

6:2 0,5

7:1 0


It is proposed that UEs are assigned a PHICH group on one PHICH provisoned DL subframe for determining its PHICH for its UL PUSCH transmissions.  An alternative proposal is that the UL subframe a TDD transmission ends in implicitly points to the PHICH provisioned DL subframe having its PHICH.  The specific PHICH in a DL subframe is implicitly pointed to using CSI, RB or CCE (TBD).
6. Conclusions
This contribution examines the required modifications to downlink control signalling in order to support TDD.  To avoid unnecessary changes and delay at this late stage, the same PCFICH values (n=1,2,3) should be maintained for TDD.  In addition, a bitmap (3 bits) is used to indicate the uplink frames for which the grant is valid.  Detailed PHICH resource signalling scheme can be found in [2].
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