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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 for TDD, different solutions are proposed in the RAN1 email discussion, including:
· Solution 1: Indicate the PHICH configuration of subframe #5 in MIB 
· Solution 2: Indicate the DL/UL allocations in MIB
· Solution 3: Fix the PHICH configuration of subframe #5
· Solution 4: Let UE blind detect the PHICH configuration of subframe #5
From the complexity and performance point of view, and to avoid leading to any impact on the decisions of SU-1 transmission scheme in RAN2, we propose to use solution 2.
2. Discussion

2.1. PHICH resource size for TDD

At RAN1#51 it was agreed that to solve the “chicken-and-egg” problem for FDD, PHICH configuration is configured on 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

For TDD mode, the PHICH resource needed in each downlink sub-frame is different for different UL/DL allocation. For example, when UL:DL ratio is 1:3, only one downlink sub-frame is required to contain PHICH associated with that uplink sub-frame. And when UL:DL ratio is 3:1, the PHICHs associated with 3 uplink sub-frames will be allocated between the two downlink sub-frames (Subframe 0 and DwPTS). Further, even in certain UL/DL allocation PHICH resource needed in each downlink subframe may be different for the sake of shorter RTT. So for LTE TDD the PHICH resource needed in each downlink subframe can be different and is in relation to both the uplink system bandwidth and the UL/DL allocation .

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. The "chicken-and-egg" problem
According to the current agreement [4], UL/DL allocation for TDD is indicated in D-BCH using 3bits, thus if PHICH resource size is different in case of different UL/DL allocation, a “chicken-and-egg” problem would arise: the UL/DL allocation is indicated in D-BCH (e.g. SU-1), but the decode of which is based on the detection of PDCCHs in the DL subframes that carry SU-1. Furthermore, the detection of PDCCHs depends on the PHICH configuration, but the PHICH configurations in the DL subframes that carry SU-1 can not be recognized correctly without the UL/DL allocation information.
The current decision of RAN2 about BCCH transmission is given in [13]:

1) RAN WG2 agreed that there will be no overlap of SU (re)transmissions. In essence this means that SU’s will be transmitted in such a way that all (re)transmissions of SU-1 will be completed before SU-2 can be transmitted and all SU-2 (re)transmissions need to be completed before transmission of SU-3 can be started etc.

2) SU’s are transmitted in “concentrated” manner where each SU is transmitted within well defined transmission window. Duration (in terms of number of TTI’s) of the window is configurable, included in the Scheduling Block received by the UE and, equal for all SU’s. The agreement 1 implies that no overlap of different transmission windows is allowed and it is still open whether it is also needed to indicate gaps between different scheduling windows for different SU’s.

3) RAN WG2 assumed that same principle applies for the transmission of SU-1 whose transmission always starts within subframes#5 i.e. if retransmissions for SU-1 are needed they will be scheduled in concentrated manner (predefined number of subframes following subframe#5 but not necessarily consecutive subframes).
4) Single RNTI (e.g. BCCH RNTI) is used for all the SU’s transmitted
We can see from above that the detailed transmission scheme SU-1 is still under discussion and at least two schemes are considered:

1) SU-1 and its retransmission versions are transmitted in concentrated manner, i.e. in consecutive subframes (consecutive DL subframes in case of TDD) which starts from subframe#5.

2) SU-1 and its retransmission versions are transmitted in distributed manner, i.e, in subframe #5 only.
Thus, we have different “chicken-and-egg” problems for TDD under different transmission scheme of SU-1:
1) If SU-1 is (re)transmitted in concentrated manner, UE cannot recognize which subframes are DL ones after reading MIB, so SU-1 cannot be decode correctly.
a) And further, PHICH configurations in DL subframes which carry SU-1 cannot be recognized correctly without DL/UL allocation information and the PDCCHs in these subframes which indicate the frequency domain position of SU-1 cannot be decoded
2) If  SU-1  is (re)transmitted in distributed manner, PHICH configuration in subframe #5 cannot be recognized correctly without DL/UL allocation information and the PDCCH in subframe#5 which indicates the frequency domain position of SU-1 cannot be decoded
To simplify the puzzle, let us consider the problem related to PHICH configuration first. For TDD mode, the current 2bits information for PHICH resource size in MIB can be interpreted the same way with FDD, i.e. four granularities in relation with uplink bandwidth, and is called “the reference size” for PHICH. However, due to the nature of TDD, its HARQ timing will be quite different FDD. That leads to different requirement of PHICH resource in Subframe #5 for different UL/DL allocation. From our observation, the amount of PHICHs in subframe #5 which carries SIB will be of three possibilities under different UL/DL allocation: zero, one or two times of “the reference size”. 

To solve the problem, several solutions are discussed and compared below.
2.3. Solution 1: Indicate the PHICH resource size of subframe #5 in MIB

If we assume that (re)transmission of SU-1 is only in subframe #5 and in distributed manner, the straightest way to solve the problem is to indicate PHICH size of subframe #5 in MIB. Then you can correctly decode the SIB in this subframe #5. After you get the information about TDD UL/DL allocations carried by SIB, “the PHICH reference size” can be figured out by its relation with PHICH size in subframe #5 as discussed above.
The problem of this solution is that PHICH size in subframe #5 can be “0” times of “the PHICH reference size” under certain UL/DL allocations. In these cases this solution fails as the receiver can not have the information about “the PHICH reference size”.
It should be noted that this solution works only when the SU-1 is (re)transmitted in distributed manner and in subframe #5 and therefore forecloses the possibility to (re)transmit SU-1 in concentrated manner.
2.4. Solution 2: Indicate UL/DL allocation for TDD in MIB

Similar to solution 1, since all the “chicken-and-egg” problems under different transmission scheme of SU-1 are caused by different UL/DL allocation for TDD, we can straight indicate UL/DL allocation for TDD in MIB. Then together with “the PHICH reference size” also carried in MIB the PHICH configuration of every DL subframes can be calculated accordingly. The problem is solved in a simplest way. The problem is solved in a simplest way.

The MIB contents with an additional 3bits signaling to indicate UL/DL allocation for TDD can be seen in table 1.
It should be noted that this solution works no matter what the transmission scheme of  SU-1 is, thus lead to no impact on the decision in  RAN2.
Table 1. MIB contents including UL/DL allocations for TDD

	Parameter
	Size [bits]

	Downlink bandwidth
	4 [TBD]

	PHICH duration
	1

	PHICH resource size
	2

	System frame number 
	8

	UL/DL allocation (TDD specific)
	3

	Total
	18


2.5. Solution 3: Fix the PHICH resource size of subframe #5
If we assume that (re)transmission of SU-1 is only in subframe #5 and in distributed manner, another way to solve the “chicken-and-egg” problem is to fix the PHICH resource size in subframe #5. Three possible schemes are compared below and their impact on uplink HARQ design is shown in table 2 respectively.
· Scheme 1: PHICH in subframe #5 is mapped to one UL subframe no matter what the DL/UL allocation is
· Cons: 
· Larger uplink HARQ RTT & process number in most cases
· Scheme 2: No PHICH in subframe  #5 no matter what the DL/UL allocation is

· Cons: 
· Larger uplink HARQ RTT & process number in case of DL/UL = 1:3
· Scheme 3: PHICH resource is configured according to the maximum size needed no matter what the DL/UL allocation is
· Pros: 
· No impact on uplink HARQ design
· Cons:
· Too much resource is reserved for PHICH except in case of DL/UL = 1:3
Table 2. Impact on uplink HARQ design
	Ratio

DL:UL
	Uplink RTT in Average(ms)
	Uplink Process number

	
	Scheme1
	Scheme 2
	Scheme 3
	Reference
	Scheme 1
	Scheme 2
	Scheme 3
	Reference

	1:3
	12.14
	13.75
	12.14
	12.14
	7
	8
	7
	7

	2:2
	13
	10
	10
	10
	5
	4
	4
	4

	3:1
	15
	10
	 10
	 10
	3
	2
	2
	2

	6:3
	10
	10
	 10
	 10
	3
	3
	3
	3

	7:2
	16.67
	10
	 10
	 10
	3
	2
	2
	2

	8:1
	20
	10
	 10
	 10
	2
	1
	1
	1

	3:5
	11.67
	11.67
	11.67
	11.67
	6
	6
	6
	6


Note: 
· The column “Reference” shows the results from investigation of uplink HARQ for TDD without considering the “chicken-and-egg” problem
· Values marked in red shows the impact on uplink HARQ by each scheme
It should be noted that this solution works only when the SU-1 is (re)transmitted in distributed manner and in subframe #5 and therefore forecloses the possibility to (re)transmit SU-1 in concentrated manner.
2.6. Solution 4: Let UE blind detect PHICH in subframe #5

If we assume that (re)transmission of SU-1 is only in subframe #5 and in distributed manner, we have another solution: eNB does nothing for the “chicken-and-egg” problem and let UE blind detect PHICH in subframe #5. Since there are three possible PHICH configurations in subframe #5, UE will do at most three times of blind detecting. Besides, due to no CRC is included in PHICH, UE needs to fulfill the blind decoding of PDCCH in subframe #5 to testify the validity of PHICH configuration it has assumed. So the attempts of blind decoding in subframe #5 will be trebled comparing to other DL subframes. A TDD specific blind decoding procedure in subframe #5 in the approach of initial cell search is introduced and the overall complexity of TDD terminals has to be increased to meet this toughest point in the system.
It should be noted that this solution works only when the SU-1 is (re)transmitted in distributed manner and in subframe #5 and therefore forecloses the possibility to (re)transmit SU-1 in concentrated manner.
2.7. Compare between solutions
As a summary, the four solutions are compared and there Pros and Cons are listed below in table 3.
Table 3. Pros and Cons for different solutions
	Solutions
	Pros
	Cons

	Solution 1
	1) Straight solution

2) No impact on HARQ in uplink
	doesn’t work in case of PHICH size in subframe #5 is “0” times of “the PHICH reference size”

	Solution 2
	1) Straight solution

2) No impact on HARQ in uplink 
3) lower broadcast overhead in total
4) No impact on the decision of the SU-1 transmission scheme
	Different MIB contents for FDD & TDD

	Solution 3
	Common MIB contents for FDD & TDD
	1) Larger HARQ RTT in uplink
2) Larger HARQ process number in uplink

3) Waste of resource

4) SU-1 can only be (re)transmitted in subframe#5 and in distributed manner

	Solution 4
	1) Common MIB contents for FDD & TDD
2) No impact on HARQ in uplink
	1) Treble complexity of blind decode in subframe #5
2) TDD specific procedure in initial cell search

3) Increase overall complexity of TDD terminal

4) SU-1 can only be (re)transmitted in subframe#5 and in distributed manner only


Comparing the four alternatives, solution 2 seems most attractive because of its lower complexity and non impact on HARQ design in uplink. 
On the other hand, solution 1 & 3 & 4 works only when SU-1 is (re)transmitted in subframe #5 and in distributed manner while solution 2 works no matter how the SU-1 transmission scheme is. At current stage, the detail SU-1 transmission scheme is still under discussion in RAN2 and has not been decided for both FDD and TDD. This decision would be better made based on the performance between different schemes and quite reasonable not to be impacted by RAN1’s solution to the TDD specific “chicken-and-egg” problem related to PHICH configurations.
As for the cons of solution 2, although it will cause different MIB contents for FDD and TDD, decode of MIB will not be a problem because distinction of duplex can be done before the detection of PBCH, e.g. from the different location relationship between PSS and SSS. On the other hand, the TDD specific item in MIB can further help testify the result of duplex detection at the earliest time. 
As seen in table 1, the size of MIB contents carried on PBCH (including the 3bits signaling moved from SU-1 to MIB) is 18bits at most in solution 2, much less than about 30bits which was assumed when evaluating the link performance of PBCH in [8][9][10]. Moreover, our simulation result in the appendix shows that the PBCH performance difference caused by adding 3bits on it is negligible under the common structure for both FDD and TDD[11].

Additionally, as a very basic and seldom changed parameter in TDD system, UL/DL allocation is more reasonable to be broadcasted in MIB.
3. Conclusion
From the complexity and performance point of view and to avoid leading to any impact on the decisions of SU-1 transmission scheme in RAN2, we propose to move the signaling of DL/UL allocation to solve the “chicken-and-egg” problem related to PHICH configuration for TDD.
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5. APPENDIX
Simulation Assumptions
	Parameter
	Value

	Transmission bandwidth
	1.4 MHz

	IFFT size; # of used sub-carriers
	128; 72

	Occupied bandwidth; Sub-carrier spacing
	1.080 MHz; 15 kHz

	Subframe length
	1 ms (14 OFDM symbols)

	PBCH Information Size 
(exclude 16bit CRC)
	15bits / 18bits / 32bits

	PBCH TTI
	40 ms (4 bursts)

	Modulation
	QPSK

	Channel model / UE velocity
	3GPP TU / 3 km/h

	Channel estimation
	Real 2D MMSE Estimate

	Physical resource block (PRB) bandwidth
	12 sub-carriers, 180 kHz

	Transmit diversity; Receive diversity
	2 TX SFBC ;

2 receive (RX) antennas

	Detector
	MMSE


Simulation Results
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Fig.  Link level performance of PBCH with different size of MIB
