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1. Introduction

This contribution discusses downlink control signalling for TDD (note that this is a revision of [4]). An illustration of FS2 is shown in Figure 1.  Sub-frames 0 and 5 are always downlink sub-frames.  Based on the conclusion from RAN1#51-Bis, the following DL:UL allocations are supported –

· 5ms: 1DL:3UL, 2DL:2UL, 3DL:1UL

· 10ms: 6DL:3UL, 7DL:2UL, 8DL:1UL, 3DL:5UL and (5DL:3UL or 10DL:0UL TBD)
The DL:UL allocation is signalled on the D-BCH.
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Figure 1.  Frame structure type 2 [1].

Hence, the most extreme DL:UL allocations that must be handled are 1DL:3UL and 8DL:1UL.   Also note that out of all the possible configurations, only splits of 1DL:3UL and 3DL:5UL have more uplink than downlink sub-frames.
2. 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 1DL:3UL 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. 
3. PDCCH – Multi-TTI Uplink Scheduling
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 1DL:3UL 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 in [4], with the 1DL:3UL 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.  An illustration of this proposal for the 1DL:3UL configuration is shown in Figure 2.
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Figure 2.  Example of proposed multi-TTI uplink scheduling.

Note that it should be possible to distribute uplink scheduling grants across multiple downlink sub-frames as proposed in [3].  An example is shown in Figure 3 where for 6DL:3UL configuration, multi-TTI uplink scheduling may be done with any of the previous downlink sub-frames.  Naturally, different timing and scheduling window may be defined for different DL:UL configuration.
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Figure 3.  Example of UL multi-TTI scheduling balancing.
In [3], it is also proposed that multi-TTI scheduling is only applicable to TDD configurations with asymmetrical assignment where UL > DL.  However, this would require two different PDCCH formats and it would be necessary for the DL:UL configuration to be broadcast on the P-BCH.  However, as it was agreed that the DL:UL configuration will be provided on the D-BCH, multi-TTI scheduling should be supported for all configurations.
Recommendation: Multi-TTI uplink scheduling is supported for all DL:UL configurations.  A bitmap (3 bits) is used to indicate the uplink frames for which the grant is valid for multi-TTI uplink scheduling.  
4. PHICH
PHICH resource signalling scheme is only briefly summarized here and detailed proposal can be found in [2].  Since multiple uplink subframe can be addressed in one PDCCH, it is beneficial to implicitly link the PHICH assignment to the Cyclic Shift Index (CSI).  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)

	TDD DL/UL Frame Configuration
	TDD DL Subframes with PHICH Resource (N)

	1:3
	0

	2:2
	0,1

	3:1
	0

	6:3
	0,1,5

	7:2
	0,5

	8:1
	0

	3:5
	0,1,5

	5:3 (TBD)
	0,1,5


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).
5. Conclusions
This contribution examines the required modifications to downlink control signalling in order to support TDD.  It is proposed that –

· To avoid unnecessary changes and delay at this late stage, the same PCFICH values (n=1,2,3) should be maintained for TDD. 
· Multi-TTI uplink scheduling is supported for all DL:UL allocations.  A bitmap (3 bits) is used to indicate the uplink frames for which the grant is valid for multi-TTI uplink scheduling.
· PHICH assignment is implicitly linked to the CSI for dynamically scheduled packets.  Detailed PHICH resource signalling scheme can be found in [2].
6. References

1. TS 36.211, Physical Channels and Modulation, V8.1.0, November 2007.
2. R1-080071, PHICH Resource Signaling for TDD & FDD, Motorola, RAN1#51bis, Sevilla, Spain, January 2008.
3. R1-080306, Way forward for LTE TDD Uplink Multi-TTI Scheduling, Nokia, Nokia Siemens Networks, RAN1#51bis, Sevilla, Spain, January 2008.
4. R1-080074, Downlink Control Signalling for TDD, Motorola, RAN1#51bis, Sevilla, Spain, January 2008.




























































































































































































































































_1255904990.vsd
One slot, Tslot=15360Ts


GP


UpPTS


DwPTS


One radio frame, Tf = 307200Ts = 10 ms


One half-frame, 153600Ts = 5 ms


30720Ts


One subframe, 30720Ts


GP


UpPTS


DwPTS


Subframe #8


Subframe #3


Subframe #2


Subframe #4


Subframe #0


Subframe #5


Subframe #7


Subframe #9



