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1. Overall description

In TDD system, DL subframes and UL subframes are located together within one radio frame, and ACK/NAKs in response to DL subframes is transmitted to corresponding UL subframes within appropriate time duration. In SIMO/SISO case, 1-bit ACK/NAK from a certain UE can be transmitted on one UL subframe (due to current PUCCH structure). In MIMO case, 2-bit ACK/NAK can be also be conveyed on one UL subframe, but if rank ‘2’ in MIMO transmission will be changed into ‘1’ according to channel variation, lack of transmission data or other reasons, two constellation points (one pair) in QPSK mapping won’t be employed in ACK/NACK transmission. In this case, the remaining points can be used for another ACK/NAK of MIMO rank 1 (if exists) so that more BPSK-typed ACK/NAK can be delivered to eNB within the same time duration or TTI [1]-[2].  
In Figure 1-(a) and (b), ACK/NAK constellations that are currently agreed for 1 bit ACK/NAK or 2 bit ACK/NAK respectively is shown. The ACK/NAK constellation in Figure 1-(c) is designed for MIMO rank 1 case or SISO/SIMO case, so that double times ACK/NAK signals can be delivered in condition that the identical number of UL subframes is used. For instance, one UL subframe can afford to transmit up to two BPSK ACK/NAKs originated from two DL subframes as shown in Figure 1-(c).
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Figure 1: ACK/NAK constellation mapping example according to transmission modes, (a) 1-bit ACK/NAK for SIMO (BPSK), (b) 2-bit ACK/NAK for MIMO rank 2 (QPSK), (c) Two 1-bit ACK/NAKs for MIMO rank 1 (BPSK x 2) 
2. Proposed scheduling restriction according to UL/DL subframe ratio
2.1  Frame Structure Type(FST) 1 for TDD

2.1.1 One bit ACK/NAK case for SISO/SIMO
ACK/NAKs in response to DL subframes will be implicitly mapped to PUCCH channels in UL subframes in one-to-one manner. For example, if N DL subframes are transmitted, N UL subframes will be prepared for ACK/NAKs transmission, that is, N UL subframes can support only up to the ACK/NACK from N DL subframes from one UE point of view. For simplicity for illustration, let’s define (U, ~D) which denotes that the symbol ‘U’ is the number of UL subframes assigned to a UE and the symbol ‘D’ is the maximum number of DL subframes to a UE restricted by the ‘U’ value. It can be known that the number of supportable DL subframes depending on ACK/NACK modulation mapping and the number of UL subframes is determined. [*(U, ~D) = (U: the number of UL subframes assigned to a UE, D: the maximum number of DL subframes to a UE restricted by the number ‘U’)].
Following table shows various (U, ~D) sets determined by modulation mapping and the number of subframes.
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Figure 2 depicts the exemplary mapping in case that UL/DL subframes ratio is 1. For the figure, it can be apparently known that the number of assignable DL subframes is restricted if the number of UL subframes is fixed. This rule is for a certain UE, but can be applied to all UEs in the same way so that ACK/NACKs can’t be lost due to lack of ACK/NAK channels in UL subframes. 
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Figure 2-(a): Example of Scheduling restriction in UL/DL ratio = 1:1 (SISO/SIMO) (BPSK)
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Figure 2-(b): 1 bit ACK/NAK constellation points (BPSK)
2.1.2 One bit ACK/NAK case for MIMO rank 1

In MIMO transmission, 2-bit ACK/NACK will be transmitted by using both constellation points A and B in most cases, i.e. QPSK mapping in Figure 3-(b). However, the rank value could be reduced to ‘1’ according to the channel variation, amount of data to be transmitted and etc, so the remaining constellation points (i.e. ‘B’ in figure 3-(b)) can be used for the purpose of ACK/NAK transmission from other DL subframe. ACK/NACKs from two different DL subframes can be transmitted on one UL subframe at the same time. Scheduling restriction for MIMO rank 1 can be defined as followed. 
It is noted that in the rule (1), but the rule (2) fully exploits those constellation points.
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Figure 3-(a): Example of Scheduling restriction in UL/DL ratio = 1:2 (MIMO rank 1) (BPSK)
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Figure 3-(b): A points for 1st DL subframe, B points for 2nd DL subframe

(Two BPSKs constellation points are used, i.e. QPSK or pi/4 rotated I/Q transmission)

2.1.3 2-bit ACK/NAK case for MIMO rank 2

Under the current working assumption, one 2-bit ACK/NAK originated from two-codeword transmission has to be transmitted through QPSK mapping while the rank value is ‘2’. Hence, if higher order modulation scheme than QPSK is not introduced to this case, the scheduling restriction will be determined simply as BPSK case in section 2.1.1. 
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Figure 4 depicts the example of scheduling restriction in UL/DL subframe ratio of 1. From the figure 4-(b), it can be known that 4 points in QPSK constellation should be fully utilized for 2-bit ACK/NAK information.
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Figure 4-(a): Example of Scheduling restriction in UL/DL ratio = 1:1 (MIMO rank 2) (QPSK)
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Figure 4-(b): QPSK constellation points for 1st codeword and 2nd DL codeword

2.2  Frame Structure Type 2 (FST 2) for TDD
In FST2 for TDD only, one half-frame consists of 7 subframes (i.e. 7 slots) which can be used for DL subframe or UL subframe. As described earlier, scheduling restriction rule in FST 1 can be also applied to this FST2. 
2.2.1 One bit ACK/NAK case for SIMO

According to following UL/DL subframe ratio, DL and UL subframes are scheduled.
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Figure 5 shows the example ACK/NAK mapping when UL to DL ration is 1 in SISO or SIMO. 
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Figure 5: Example of Scheduling restriction in UL/DL ratio = 1:1 (SISO/SIMO) (BPSK)

2.2.2 One bit ACK/NAK case for MIMO rank 1

In MIMO transmission, 2-bit ACK/NACK will be usually transmitted by using both constellation points A and B, i.e. QPSK mapping in Figure 3-(b). However, the rank value could be reduced to ‘1’ according to the channel variation, rank override and etc so that the remaining constellation points (i.e. ‘B’ in figure 3-(b) can be used for ACK/NAK transmission in response to another DL subframe. This leads one UE to transmit 2 ACK/NACKs from different DL subframes. Scheduling restriction for MIMO rank 1 can be defined similarly as proposed in section 2.1.2  
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Figure 6-(a): Example of Scheduling restriction in UL/DL ratio = 1:2 (MIMO rank 1) (BPSK)

Figure 6-(b) depicts UL/DL ratio is 2/4. Assuming that two DL subframes is mapped to one UL subframe, ACK/NAK mapping rule is the same as in Figure 6-(a). 
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Figure 6-(b): Example of Scheduling restriction in UL/DL ratio = 2:4 (MIMO rank 1) (BPSK)

2.2.3 Two bit ACK/NAK case for MIMO rank 2

The similar scheduling restriction rule in Section 2.1.2 can be applied to this case.
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Figure 7: Example of Scheduling restriction in UL/DL ratio = 1:1 (MIMO rank 2) (QPSK)

3. Error case handling in FST1 and FST2
We consider the special case that DL grant in 1st DL subframe is failed and UE can’t detect PDCCH. Because UE doesn’t know the 1st DL grant failure, UE doesn’t transmit 1st ACK/NACK in constellation point ‘A’ that is originally reserved for ACK/NAK associated with 1st DL subframe, instead only 2nd ACK/NACK will be transmitted onto constellation points ‘A’, not ‘B’ (assuming that 2nd DL grant is detected successfully). But, because eNB don’t recognize the 1st DL grant failure, eNB tries to detect 1st ACK/NACK in constellation points ‘A’ in figure 8-(b). Eventually, eNB will consider 2nd ACK/NACK as 1st ACK/NACK, this leads to erroneous operation in eNB.
To overcome this error case, we propose to put N bit (e.g. 1 bit) indicator into control field of 2nd DL subframe as illustrated in Figure 9. This indicator informs UE of whether 1st DL subframe is transmitted or not, resultantly it leads UE to reserve constellation point ‘A’ for 1st ACK/NACK (even though DL grant is failed) and transmit 2nd ACK/NACK in constellation points ‘B’. This prevents eNB and UE from performing erroneous operation when the 1st DL grant is not detected. Meanwhile, 2nd DL grant failure can’t cause error case if DTX detection is employed. We described the case that DL/UL ratio is 1/2, but this rule can be easily extended to the case that DL/UL ratio is M/N.
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Figure 8-(a): Erroneous operation due to DL grant failure
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Figure 8-(b) ACK/NACK constellation points associated with 1st and 2nd DL subframe
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Figure 9: Error case handling by employing indicator in the last DL subframe

4. Conclusion
In this contribution, simple scheduling restriction rules that can be applied to Frame Structure Type 1 and 2 for TDD are suggested. By applying the rule, we can avert the case that ACK/NACK transmission is missed or delayed due to lack of UL ACK/NAK channels in UL subframes. 
If the rule is applied for TDD system, error case handling can be also easily implemented by putting indication bit into the 2nd DL subframe. Hence, we propose both scheduling restriction rule and related error case handling scheme to be adopted in current specification.
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QPSK for one 2-bit ACK/NAK from two code words: 


(1, 1), (3, 3), (4, 3), (5, 2), (6, 1)





BPSK: 


(1, ~1), (3, ~3), (4, ~3), (5, ~2), (6, ~1)


QPSK: 


(1, ~2), (2, ~4), (3, ~4), (4, ~3), (5, ~2), (6, ~1)





BPSK for 1 bit ACK/NAK: 


(1, ~1), (2, ~2), (3, ~3), (4, ~4), (5, 5), (6, ~4,), (7, ~3), (8, ~2), (9, ~1) 


QPSK for 1 bit ACK/NAK: QPSK can support up to two 1-bit ACK/NAKs. 


(1, ~2), (2, ~4), (3, ~6), (4, ~6), (5, ~5), (6, ~4), (7, ~3), (8, ~2), (9, ~1)


8PSK for 1 bit ACK/NAK: 8PSK can support up to three 1-bit ACK/NAKs


(1, ~3), (2, ~6), (3, ~7), (4, ~6), (5, ~5), (6, ~4), (7, ~3), (8, ~2), (9, ~1)











BPSK for 1 bit ACK/NAK of MIMO rank 1: 


(1, ~1), (2, ~2), (3, ~3), (4, ~4), (5, 5), (6, ~4), (7, ~3), (8, ~2), (9, ~1)


The remaining constellation points are not exploited


QPSK for 1 bit ACK/NAK of MIMO rank 1:


(1, ~2), (2, ~4), (3, ~6), (4, ~6), (5, ~5), (6, ~4), (7, ~3), (8, ~2), (9, ~1)


The remaining constellation points are used for other ACK/NACK











QPSK for one 2-bit ACK/NAK from two code words: 


(1, ~1), (2, ~2), (3, ~3), (4, ~4), (5, ~5), (6, ~4), (7, ~3), (8, ~2), (9, ~1)
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