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1. Introduction
In Jeju RAN1#51, it was decided to use 2bits on PBCH to for PHICH resource size and 1bit for PHICH duration [1]. For TDD, PHICH resource size is related to not only uplink bandwidth (same as FDD), but also the UL/DL allocation (TDD specific). To solve the “chicken-and-egg” problem, we proposed to indicate UL/DL allocation for TDD on PBCH.
2. Discussion
2.1. PHICH resource size for TDD
At RAN1#51 it was agreed to signal the PHICH configuration on the PBCH with 3 bits [1]
· PHICH duration: 1 bit on PBCH

· PHICH resource: 2 bits on PBCH

· FFS whether more than 2 bits are needed for TDD

The interpretation of the two bits remains to be settled and it seems to make sense to interpret these two bits in relation to the system bandwidth and, if beneficial, also in relation to the UL/DL allocation for TDD [2].
For TDD operation, the PHICH allocation in each sub-frame is different because different UL/DL allocation leading to different ACK/NACK timing. For example, when UL/DL allocation is 1: 3 (plus DwPTS), only one downlink sub-frame is required to contain PHICH associated with that uplink sub-frame. And when UL/DL allocation is 3:1 (plus DwPTS), the PHICHs associated with 3 uplink sub-frames will be allocated between two downlink sub-frames. It is difficult to balance the allocations of PHICH in every downlink subframe for TDD, i.e. the PHICH resource needed should be in relation to both the uplink system bandwidth and the UL/DL allocation for TDD.
One possible solution of associating PHICH resource size with UL/DL allocation for TDD is given in [3], in which the PHICH resource size is determined on per downlink subframe basis.
2.2. Indication of UL/DL allocations for TDD in MIB
According to the current agreement [4], UL/DL allocation for TDD is indicated on D-BCH using 3bits, thus if PHICH resource size is interpreted in relation with UL/DL allocation for TDD, a “chicken-and-egg” problem would arise: the UL/DL allocation is indicated in D-BCH, and the decode of which is based on the detection of PDCCHs in the DL subframes that carry D-BCH. Furthermore, the detection of PDCCHs depends on the PHICH format on the DL subframe, but the PHICH resource size can not be interpreted correctly without the UL/DL allocation information.
The simplest solution for this “chicken-and-egg” problem is to indicate UL/DL allocations for TDD on PBCH, i.e. set an item of 3bits in MIB to indicate UL/DL allocations for TDD. Although different format of MIB contents for FDD and TDD is introduced, decoding of MIB will not be a problem because distinction of duplex can be done before the detection of PBCH, e.g. from the different relationship of location between SCH and common RS for FDD and TDD [5]. And the UL/DL allocation information in MIB can further help testify the result of duplex detection. 
The MIB contents according to current assumption [6] [7] with an additional 3bits item to indicate UL/DL allocations for TDD are given below:
Table 1. MIB contents including UL/DL allocations for TDD

	Parameter
	Size [bits]

	Downlink bandwidth
	4 [TBD]

	Number of transmit antennas [FFS]
	2 [FFS]

	PHICH duration
	1

	PHICH resource size
	2

	System frame number 
	8

	UL/DL allocation (TDD specific)
	3


From the table above, the size of contents carried on PBCH (including UL/DL allocation for TDD) is 20bits at most, much less than about 30bits which was assumed when evaluating the link performance of PBCH in [8][9][10], so we think adding 3bits to MIB will not affect the detection performance and coverage of PBCH with current common structure for both FDD and TDD[11].  
3. Conclusion
As a basic parameter for TDD, UL/DL allocation is proposed to be indicated using 3bits on PBCH, thus the “chicken-and-egg” problem to PHICH for TDD can be fully solved. And from the analysis, the additional item for TDD will not introduce problems to the decoding of MIB and link performance of PBCH. 
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