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1 Introduction
In this paper, some open issues for PUSCH transmission are discussed, including UL HARQ and PUSCH transmission across multiple TTIs. Moreover, the HARQ timing, resource allocation and DCI design related to UL HARQ are discussed considering the case of simultaneous UL/DL transmission. The observation and proposals are given accordingly. 
2 Discussion
2.1 UL HARQ

In the last RAN1 meeting, there has been the following agreement for UL HARQ:

	· Working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous

FFS adaptive and/or non-adaptive PUSCH HARQ retransmission for LC/CE UEs


Firstly, it may need to clarify the exact meaning of “synchronous”. Assuming “synchronous” just means a pre-known timing relation for ACK/NACK and PUSCH transmission, it will be fine to confirm the working assumption. However, if it means the fixed relative timing (e.g., 4ms interval for FDD in the existing spec) between PUSCH and ACK/NACK, or ACK/NACK and retransmitted PUSCH, there would be a problem due to the availability of the resource for ACK/NACK transmission by M-PDCCH.

In particular, in case of the simultaneous UL/DL transmission with the large repetitions, if all 6 PRBs in the narrowband are allocated for downlink data transmission/repetition, there will be no remaining downlink resource to transmit ACK/NACK carried by M-PDCCH corresponding to the PUSCH transmission. In this case, either the simultaneous UL/DL transmission has to be forbidden or the HARQ timing has to be derived based on the availability of M-PDCCH resource. One solution could be that DL DCI for CE Mode B can allow less than 6 PRBs for downlink data transmission in order to reserve the certain resource for M-PDCCH carrying ACK/NACK for uplink transmission. 
Observation 1: To clarify the meaning of “Synchronous” for UL HARQ in the context of Rel13 MTC.

Observation 2: For simultaneous UL/DL transmission in CE Mode B with full 6 PRBs allocated for the downlink data transmission, there may be no resource for M-PDCCH to carry ACK/NACK corresponding to PUSCH transmission.
Proposal 1: To consider less than 6 PRBs for downlink resource allocation in CE Mode B with reserved resources for M-PDCCH carrying UL ACK/NAK if the simultaneous UL/DL transmission is supported.
Moreover, due to the relative HARQ timing and availability of M-PDCCH resource, it may happen that two M-PDCCHs for ACK/NACKs corresponding two UL HARQ processes are mapping to the same TTI. If so, it might require more bits in UL grant to indicate the corresponding HARQ process number, i.e., similar to the DCI for downlink asynchronous HARQ operation. Then it will be quite complicated for the system design. Instead, maybe it can be up to eNB with some restricted scheduling, e.g., only 1 UL HARQ process is used. 
Proposal 2: To check whether to introduce the field of HARQ process number in UL grant. 

2.2 PUSCH transmission across multiple TTIs

In the last RAN1 meeting, there has been the following agreement for PUSCH transmission:
	· In case of PUSCH transmission from LC UEs and UEs operating coverage enhancement

· The redundancy version (RV) is cycled every Z subframes

· For no or small repetitions, Z=1

· FFS whether or not a TB can be mapped to X>1 subframes as a bundle

· Value of X FFS

· Otherwise, Z>1

· The scrambling sequences at least for PUSCH data are the same in the same Z subframes

· Z is not explicitly configured

· FFS the value of Z

· The RV cycling follows legacy RV cycling pattern i.e. RV {0,2,3,1}


According to the agreement, it is FFS whether or not a TB can be mapped to X>1 subframes as a bundle. In principle, the uplink resource allocation will be restricted to 1PRB in case of any repetition, which has been proved to be the most efficient way for transmission due to PSD booting for improving channel estimation and SNR. However, the 1ms TTI length will limit the maximum payload offered by only 1 PRB pair for transmission. For the delay tolerant MTC UE, it may be possible to segment a large packet into multiple small packets to match the supported maximum TBS. The disadvantage of the segmentation is to increase relative RLC/MAC/CRC overhead. Assuming 16bits RLC header for AM mode, 8bits MAC header and 24 bits CRC length, the relative RLC/MAC/CRC overhead is (16+8+24) / (144+24) = 28.6% and (16+8+24) / (936+24) = 5% for TBS=144bits and TBS=936bits respectively. The relatively high RLC/MAC/CRC overhead of a small packet may degrade the effective user data rate. In addition, in the cell edge with/without repetition, the transmission time of a large packet may be much less than the total transmission time of multiple segmented small packets since turbo coding gain is more significant for a large TBS. Therefore, transmitting a large packet is more efficient than transmitting multiple segmented small packets considering the effective user data rate. To some extent, this has also been verified by the SIB simulation results with one large TB or multiple small TBs for SIB transmission [2]. Therefore, it is beneficial to support TB transmission across multiple subframes for the cell edge UE with no/small repetitions. 
Proposal 3: Support TB transmission across multiple subframes for the cell edge UEs with no/small repetition.
3 Conclusion
In this contribution, we discussed PUSCH transmission with the following observations and proposals:   
Observation 1: To clarify the meaning of “Synchronous” for UL HARQ in the context of Rel13 MTC.

Observation 2: For simultaneous UL/DL transmission in CE Mode B with full 6 PRBs allocated for the downlink data transmission, there may be no resource for M-PDCCH to carry ACK/NACK corresponding to PUSCH transmission.
Proposal 1: To consider less than 6 PRBs for downlink resource allocation in CE Mode B with reserved resources for M-PDCCH carrying UL ACK/NAK if the simultaneous UL/DL transmission is supported.
Proposal 2: To check whether to introduce the field of HARQ process number in UL grant. 

Proposal 3: Support TB transmission across multiple subframes for the cell edge UEs with no/small repetition.
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5 Appendix
In the simulation, six levels of TTI lengths are considered, i.e. 1, 2, 3, 4, 5, and 6 ms TTI. Considering PUSCH is received with 10% BLER under 18dB CE, the required repetition number are compared, wherein one repetition means one TTI. For longer TTI, a transport block is mapped to more SC-FDMA symbols. For example, for 4ms TTI, 56 SC-FDMA symbols are used to map the transport block, wherein one repetition occupies four subframes. 
Table 6. Simulation assumptions for link-level performance evaluation of longer TTI
	Simulation parameter
	Value

	System bandwidth
	10 MHz

	Antenna configuration for uplink
	1TX*2RX

	Channel model
	EPA

	Doppler spread
	1Hz

	Frequency tracking error
	100Hz

	Modulation order
	QPSK

	MCS
	5

	Channel estimation
	Real channel estimation

	Required coverage gain
	18dB

	Cross-SF channel estimation
	Cross 4 SF

	DMRS density increase
	1X

	Allocated physical resources 
	1 PRB

	TTI length
	1, 2, 3, 4, 5, and 6

	TBS
	72, 144, 224, 328, 424, and 504bits
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Figure 1. Performance of different TTI lengths in 18dB CE (SINR=-15.5dB, without frequency hopping)
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Figure 2. Performance of different TTI lengths in 18dB CE (SINR=-15.5dB, with frequency hopping X=8, Y=8)
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Figure 3. Performance of different TTI lengths in 12dB CE (SINR=-9.5dB, without frequency hopping)
[image: image4.png]0.1

BLER

0.01

Performance of different TTI lengths

2 4

Repetition number

16

—4—1msTTl and TBS=72bits

—8—2msTTl and TBS=144bits
—#&—3msTTl and TBS=224bits
—=—4msTTl and TBS=328bits
—#—=5msTTl and TBS=424bits
—8—6msTTl and TBS=504bits





Figure 4. Performance of different TTI lengths in 6dB CE (SINR=-3.5dB, without frequency hopping)
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