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Introduction
PHICH can minimize the control channel resource usage to indicate the retransmission of PUSCH. Even for one bit transmission of PHICH, in large coverage enhanced case, a large number of repetitions are required. Compared with (E)PDCCH like structure, PHICH can reduce the overhead more than 10 times. By having PHICH, PUSCH can be operated as higher instantaneous target BLER and can minimize the PUSCH transmission period. This can save UE power and improve network capacity. Therefore, to have PHICH is essential in MTC and we propose to have it. 
On the realization of PHICH, instead of repeating PHICH over a large number of subframes with only small portion of REs in each subframe, we propose the repeated REs are located in one or a few subframes concentrated in time. By such design, the period required to receive PHICH can be minimized and the UE power consumption can be further minimized. 
In addition, we propose that the design used for PHICH can be used for other than HARQ indicator (HI) usage. One usage is to schedule next packet transmission using the same resource utilization of the previous packet. Another usages are paging. Yet another usage is the termination of PRACH retransmission. It means we propose to design a generic small downlink control channel to transmit up to "a few bits". 

Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Necessity of to have PHICH
PHICH is essential from following reasons,
1) Efficient feedback mechanism to support HI
Even for one bit transmission of PHICH, in large coverage enhanced case, a large number of repetition is required. Compared with (E)PDCCH like structure, PHICH can reduce the overhead more than 10 times because even compact (E)PDCCH is introduced, we expect more than 10 bits are required as minimum for (E)PDCCH like structure but PHICH can be only 1 bit transmission.
2) Uplink network capacity improvement and UE power reduction
Observing past PUSCH evaluations in MTC, the SINR difference between 10 % BLER and 1% BLER is around 3 dB in very roughly. In other word, if "n" subframes are required for 1% BLER, by receiving "n/2" subframes, 90% of the cases the reception succeeds and only 10% of the cases require "n" subframes PUSCH transmission. If efficient feedback mechanism is not available, "n" subframes transmission is required. If efficient feedback mechanism is available, average number of the transmission can be "n/2"*0.9+"n/2"*0.1= n/2. The number of average PUSCH subframe transmission can be greatly reduced as 1/2.
By the reduction of PUSCH subframes usage, these subframes can be used for other UE's PUSCH or other purpose. Therefore, network capacity can be improved.
As shown in the power consumption modelling in [1], Tx power is 13 times higher than Rx power per one subframe. By the reduction of PUSCH transmission period 1/2 corresponds to 26 times reduction of reception time.
[bookmark: _GoBack]By using higher instantaneous target BLER further like 30%, each PUSCH transmission is reduced and the average total PUSCH transmission can be reduced further. Such operation is only possible when the resource utilization of the feedback is very small like PHICH. 
Therefore, we propose following.
Proposal 1:	PHICH transmission for enhanced coverage is supported.

Realization of PHICH
According to release 8 discussion [2][3], the current PHICH provides BER 10e-3 around 4.5 dB in 5 MHz system bandwidth operation. This is not sufficient for Rel.8 cell edge without power boosting[4].  For CE MTC, in order to reach 15 dB coverage enhancement, roughly Es/No = -15 dB would be required. From 4.5 dB and -15dB, 20 dB order of repetitions are required for PHICH. As original reference is 4.5 MHz operation, a bit more would be required for example 1 dB. Then roughly 21 dB order enhancement may be required for PHICH. It means PHICH requires 128 times ( 27 ) repetitions would be required for rough calculation.
Current PHICH is realized by 3 time repetitions and code multiplexing of SF=4 with a complex spreading code. Then 8 PHICHs can be transmitted using 12 REs.  By having 128 times repetition, 1536 REs would be required for 8 HIs.
2 CRS with 3 control symbols means one PRB contains 120 REs in the PDSCH area. Using 6 PRBs, 720 REs are available. So 8 PHICHs could be mapped within 2 subframes of 6 PRBs for maximum coverage enhancement case. Although evaluation based on the simulation is required further, one to a few subframes would be required for 8 HIs of maximum coverage extension also depending on power boosting and hopping. 
Another possible design choice would be 1536 REs for 8 HIs are sent using more subframes but only a small number of REs in each subframe is occupied. For example, if 100 REs are used in each subframe, around 15 subframes are required. Compared with the design using large number of subframes, to minimize the subframes for PHICHs is better in order to reduce the MTC UE power consumption. 
The PHICH does not have CRC as to have CRC for such a one-bit channel is very costly. Therefore, REs used for PHICH by MTC-CE UEs cannot be used for other purpose like normal PDSCH assignment as it could misjudge ACK or NACK. This is also the reason not to distribute REs used for HI over a large number of subframes. PHICH transmission based on DCI format 3/3A type design (multiple HI bits are concatenated and add CRC over multiple bits) can have CRC but it requires these concatenated HIs need to target the same or largest level of the enhanced coverage. When the number of concatenated His and the number of UEs are not aligned well, the overhead is large. For the design extending PHICH, by adjusting the number of repetition of HI REs, it is possible to multiplex different number of the HI repetitions.
Figure 3 shows the subframe usage of PHICH for enhanced coverage. The REs shown in green are used for PHICH for enhanced coverage.


Figure 1 HI for enhanced coverage
Based on above discussion, we propose following.
Proposal 2:	HI transmission for enhanced coverage is realized by repeating and spreading the HI similar to the current PHICH transmission. Repeated REs used for HI of enhanced coverage are transmitted to all usable REs in 6 PRB of a subframe. If multiple subframes are required, these subframes are contiguous in time as much as possible.

Generalization from PHICH to downlink control bit channel
Above discussion has been for PHICH where to control the retransmission of PUSCH. PHICH can be generalized to following usages and can be called as generic downlink control bit channel.
1) Scheduling of new PUSCH packet transmission
TB size for each PUSCH packet transmission can be small as one PRB may be used for large coverage enhancement case. For example, 72 bits may be used in one PRB transmission. On the other hand, there can be frequent to transmit 800 bits order as total data according to TR 36.888 as typical uplink traffic size is written as 100 bytes (800 bits). In such situation, UE continuously transmits PUSCH packets but there is no need to adjust TBS or assigned resource. Just to request for UE to transmit next packet with exactly same resource and TBS could happen frequently.
In such case, PHICH can be used. One approach of the signal mapping would be "DTX" of PHICH means no further transmission, "NACK" of PHICH means retransmission and "ACK" of PHICH means new packet is transmitted using same resource and TBS. Another approach would be another one bit in downlink control bit channel indicates new transmission using the same resource/TBS or not.
2) Paging
For paging, the UEs detects whether a certain bit is TRUE or FALSE periodically. If the bit says TRUE, the UE receives further channel like PDSCH(or PCH) in order to check whether this UE is really paged. The design of the HI transmission can be used for the indication of the paging. Then it allows different number of the repetition can be multiplexed flexibly and the time to wake up for paging can be minimized.
3) Termination of PRACH retransmission
Similar to PUSCH transmission, in majority of the case, PRACH detection at eNB can be feasible before the all retransmission of PRACH. If PRACH of certain time/code/frequency is detected at the eNB even before the end of intended retransmission of PRACH, eNB can indicate the detection by this generic bit channel. Then UE can terminate further retransmission of PRACH. This can optimize the total transmission times of PRACH like that of PUSCH so UE’s power consumption is reduced.

Proposal 3:	The HI transmission method for enhanced coverage can be used for other purposes. Example is the indication of new packet transmission, paging and termination of PRACH.


Conclusion
We discussed benefits and detailed design on PHICH. Based on the discussions we propose following.
Proposal 1:	HI transmission for enhanced coverage is supported.
Proposal 2:	HI transmission for enhanced coverage is realized by repeating and spreading the HI similar to the current PHICH transmission. Repeated REs used for HI of enhanced coverage are transmitted to all usable REs in 6 PRB of a subframe. If multiple subframes are required, these subframes are contiguous in time.
Proposal 3:	The HI transmission method for enhanced coverage can be used for other purposes. Example is the indication of new packet transmission, paging and termination of PRACH.

Reference 
[1] R1-150305, “MTC power consumption”, Panasonic
[2] R1-074197, "Downlink PHICH repetition factor in 1 Tx case", LG Electronics
[3] R1-072689, "Downlink Acknowledgement Mapping to RE's", Motorola
[4] R1-073371, "E-UTRA Coverage", Motorola
[5] R1-144800, "Consideration on SIBs/RAR/paging for Rel-13 MTC", Panasonic
4

4
3GPP
image1.emf

Microsoft_Visio___1.vsdx

