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1 Introduction

PHICH-less PUSCH HARQ operation, i.e., UL grant based adaptive retransmission, is considered as an alternative approach to support PUSCH HARQ in TDD CA with different UL-DL configurations. This is because a large number of DL subframes in TDD UL-DL configurations do not have any PHICH resource. The approach was discussed in RAN1#68bis for PUSCH cross-carrier scheduling case in which PUSCH HARQ/scheduling timing on the scheduled cell follows the SIB1 configuration of the scheduled cell. In this contribution, the probability of PHICH-less HARQ operation, taking into account all the possible combinations, is provided (section 2). In addition, the implication of PHICH-less HARQ operation is analyzed (section 3). 
2 Zero-PHICH subframe

Unlike in FDD, amount of PHICH resources in TDD varies among downlink subframes. It is given by 
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 , the number of PHICH groups, is derived from the higher layer signaled Ng and the downlink transmission bandwidth.

Table 1: The factor 
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 for frame structure type 2 and amount of zero-PHICH subframes
	Uplink-downlink
configuration
	Subframe number 
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	Amount of zero-PHICH subframes 

among all downlink (special) subframes

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	

	0
	2
	1
	-
	-
	-
	2
	1
	-
	-
	-
	0/4 (0%)

	1
	0
	1
	-
	-
	1
	0
	1
	-
	-
	1
	2/6 (33.3%)

	2
	0
	0
	-
	1
	0
	0
	0
	-
	1
	0
	6/8 (75.0%)

	3
	1
	0
	-
	-
	-
	0
	0
	0
	1
	1
	4/7 (57.1%)

	4
	0
	0
	-
	-
	0
	0
	0
	0
	1
	1
	6/8 (75.0%)

	5
	0
	0
	-
	0
	0
	0
	0
	0
	1
	0
	8/9 (88.9%)

	6
	1
	1
	-
	-
	-
	1
	1
	-
	-
	1
	0/5 (0%)

	
	
	
	
	
	
	
	
	
	
	
	26/47 (55.3%) 


As shown in Table 1, the amount of zero-PHICH subframes, i.e. DL subframes without PHICH resources, among all DL subframes (including special subframes) is significant (55.3% in average). Especially, the ratio becomes larger in downlink heavy configurations because PHICH is required only on the downlink subframes associated with uplink subframes. In subsequent sections, the number of the downlink subframes not having PHICH resource on the scheduling cell is analyzed for all possible combinations of different UL-DL configurations.

2.1 Case B

As defined in [1], Case B is such that the set of UL subframes indicated by the scheduled cell SIB1 configuration is a superset of the UL subframes indicated by the scheduling cell SIB1 configuration and the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms. The combinations of UL-DL configuration which falls within Case B are summarized in Table 2 together with the number of scheduling cell DL subframes which can send UL grants, but without PHICH resource on the scheduling cell. It should be noted that in those subframes, PHICH based low-overhead scheduling of PUSCH HARQ retransmission is not possible and a PDCCH for UL grant has to be transmitted instead at the expense of larger resource overhead and higher blocking probability. 

Figure 1 illustrates an example when the cells with UL-DL configuration #2 and #1 are aggregated for the scheduling cell and the scheduled cell, respectively. In the combination, the scheduled cell has four DL subframes which can send UL grants (red dotted box in Figure 1), but without PHICH resource on the corresponding DL subframe of the scheduling cell. This corresponds to all the DL subframes of the scheduled cell which can send UL grants for PUSCH scheduling. The PHICHs corresponding to the PUSCHs sent on the scheduled cell UL subframes #2, #3, #7, #8 cannot be transmitted on the corresponding DL subframes #6, #9, #1, #4 of the scheduling cell, if PUSCH HARQ/scheduling timing on the scheduled cell follows the SIB1 configuration of the scheduled cell. This is because no PHICH resource is defined in the corresponding DL subframes of the scheduling cell as shown in Table 1. This results that the entire PUSCH transmissions on the scheduled cell (on UL subframes #2, #3, #7, #8) cannot have any corresponding PHICH from the scheduling cell. For all the possible combinations for Case B provided in Table 2, the percentage of scheduling cell DL subframes which have to rely only on the PDCCH based retransmission scheduling is about 78%. 
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Figure 1: Example of combination with UL-DL configuration #2 and #1 (Case B) 
Table 2: The number of scheduling cell DL subframes without PHICH resource on the scheduling cell (Case B)
	SIB-1 UL-DL Configuration index
	# of scheduling cell DL subframes which can send UL grants
	# of the DL subframes without PHICH resource on the scheduling cell 

	Scheduling cell
	Scheduled cell
	
	

	1
	0
	4
	2 (50%)

	1
	6
	5
	2 (40%)

	2
	0
	4
	4 (100%)

	2
	1
	4
	4 (100%)

	2
	6
	5
	5 (100%)

	3
	0
	4
	3 (75%)

	3
	6
	5
	3 (60%)

	4
	0
	4
	4 (100%)

	4
	1
	4
	3 (75%)

	4
	3
	3
	1 (33.3%)

	4
	6
	5
	4 (80%)

	5
	0
	4
	4 (100%)

	5
	1
	4
	4 (100%)

	5
	2
	2
	1 (50%)

	5
	3
	3
	2 (66.7%)

	5
	4
	2
	1 (50%)

	5
	6
	5
	5 (100%)

	
	
	67
	52 (77.7%)


2.2 Case C

Case C is that the set of UL subframes indicated by the scheduled cell SIB1 configuration are neither a superset nor subset of the UL subframes indicated by the scheduling cell SIB1 configuration and the PUSCH RTT of the scheduling cell SIB1 configuration is 10ms. As similar to the analysis for Case B, the combinations of UL-DL configurations that fall within Case C are summarized in Table 3 together with the number of scheduling cell DL subframes which can send UL grants, but without PHICH resource on the scheduling cell. When all the possible combinations for Case C are considered, the percentage of scheduling cell DL subframes which have to rely only on the PDCCH based retransmission scheduling amounts to 50%.
Table 3: The number of scheduling cell DL subframes without PHICH resource on the scheduling cell (Case C)

	SIB-1 UL-DL Configuration index
	# of scheduling cell DL subframes which can send UL grants
	# of the DL subframes without PHICH resource on the scheduling cell

	Scheduling cell
	Scheduled cell
	
	

	1
	3
	2
	1 (50%)

	2
	3
	3
	2 (66.7%)

	2
	4
	2
	1 (50%)

	3
	1
	3
	2 (66.7%)

	3
	2
	1
	0 (0%)

	4
	2
	1
	0 (0%)

	
	
	12
	6 (50%)


2.3 Case D

Case D is that the PUSCH RTT of the scheduling cell SIB1 configuration is not 10ms. This configuration corresponds to the UL-DL configuration #0 and #6, which has no zero-PHICH subframes.

3 Issues on PHICH-less HARQ operation
In the DL subframes without PHICH resources, non-adaptive scheduling of UL retransmissions is not possible. This results that PDCCH has to be always used even when the low-overhead non-adaptive scheduling via PHICH is preferred. Although it is claimed that PHICH-less HARQ operation with following the PUSCH HARQ/scheduling timing of the scheduled cell could fully utilize the UL resources for PUSCH transmission, it incurs various problems as addressed below, largely due to relying on only PDCCH in every HARQ retransmission instance.
DL control overhead increase
The obvious consequence of the PHICH-less HARQ operation is an increase in DL control overhead due to using PDCCH for every retransmission scheduling which has much larger overhead than PHICH, as DCI format 0 and 4 to be used for UL grant contain multiple control information fields while PHICH contains ACK/NACK signaling only. With the PHICH-less HARQ operation, the low overhead benefit of non-adaptive retransmission vanishes.
A new specification for ACK signaling

According to the current specification, when a UL grant for the UE is correctly received, the UE follows what the PDCCH indicates the UE to do, i.e., perform an initial transmission of a new TB or a re-transmission of the previous TB (adaptive retransmission). When no UL grant for the UE is detected, a DL HARQ-ACK feedback carried on PHICH dictates whether the UE has to perform retransmission; when the HARQ-ACK feedback in PHICH is NACK, the UE performs a non-adaptive retransmission of the previous TB and when it is ACK, the UE does not perform any UL (re)transmission.

On the other hand, in case of PHICH-less HARQ operations, UL grants have to be used to signal NACK with keeping the NDI bit unchanged. When the eNB intends to schedule a new PUSCH transmission, an UL grant can indicate ACK by toggling the NDI bit. However, if the eNB does not need to schedule any subsequent new PUSCH transmission, additional specification for ACK signaling has to be introduced. Furthermore, the UE procedure in the scheduling cell DL subframes having PHICH resources and the subframes not having PHICH resources becomes different. 

False alarm problem
Considering that the UE would assume no UL grant reception as an ACK signaling in PHICH-less HARQ operation as done in the Un DL, if PDCCH resources are fully occupied due to the scheduling for other UEs, then the eNB cannot signal NACK to the target UE and it is understood as ACK at the UE (false alarm). This incurs a significant delay in successful transmission of the TB. As an alternative way to resolve the problem, the eNB scheduler needs to prioritize allocating PDCCH resources for signaling NACK to the considered UE, in case the available PDCCH resources are not sufficient to serve all interested UEs in a given subframe. The eNB scheduler implementation would be impacted in order to incorporate this alternative process.
Reliability

As PHICH provides more robust performance than PDCCH, the performance of UL grant based ACK/NACK signaling can be significantly compromised, unless higher aggregation level is used for PDCCH. This consumes additional PDCCH resources.
4 Conclusion
According to the analysis provided in the contribution, the ratio of scheduling cell DL subframes which can send UL grants, but without PHICH resource on the scheduling cell amounts to 78% and 50% for Case B and Case C, respectively, for all possible combinations of TDD UL-DL configurations. Moreover, the PHICH-less HARQ operation results in various problems such as DL control overhead increase, a new specification for ACK signaling, false alarm problem, and reliability issue. Additional specification efforts seem necessary to specify the corresponding procedure for PUSCH HARQ operations in TDD CA. In order to avoid these problems of PHICH-less HARQ operations, it is proposed to take the scheduling-cell based HARQ timing for Cases B and C.
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