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1 Introduction
In RAN1#80, the following agreements were achieved [1]:

Agreement:

· Consider simplified channel feedback for MTC power savings at least for coverage enhanced MTC UEs

· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement
In RAN1#80bis, there were following conclusion [2]:
(Possible Chairman’s summary) Possible power consumption reduction techniques include at least the following:

· Relaxed/reduced CSI feedback

· Relaxed RRM/RLM measurements (RAN4 is also discussing this topic)

· Impact of imperfect timing tracking

· TBCC vs. Turbo coding for small packets

· Lower modulation order (e.g., pi/2 BPSK)

· Early termination for a bundled transmission

· Enhanced SPS

· Power boosting by eNB for downlink transmissions

· Any other techniques

Reduction of power consumption is one of the design targets of release 13 MTC UEs. However, MTC UEs have to transmit or receive repetitively when in operating in enhanced coverage. Due to lack of accurate CSI at the network side, the eNB may not always use an appropriate repetition number for a transmission.
In this contribution we investigate the issue of eNB adjusting the repetition number of a DL transmission in spite of lack of UE CSI feedback. The proposed solution can also be used by the eNB to adjust the number of an UL transmission in case of TDD taking advantage of channel reciprocity. The proposed solution helps reducing the UE power consumption and improving the network resource utilization.
2 Discussion
For an eMTC UE in large coverage enhancement, periodic CSI reporting is not supported, since reporting the periodic CSI would consume significant amount of UE power. Transmission of aperiodic CSI by an eMTC also increases the eMTC UE’s power consumption. Furthermore, aperiodic CSI is perhaps less useful in practice due to the sporadic nature of the small data transaction for an MTC device. Due to lack of accurate CSI at the network side, the network cannot always guarantee to indicate a very accurate repetition number for an eMTC UE operating in coverage enhancement mode. With less accurate CSI of an eMTC UE at the eNB, the network may use a repetition number much smaller or larger than the UE actually needs to correctly receive the PDSCH. 
2.1 Smaller repetition number than required
If the eNB’s estimation on the radio condition of an eMTC UE in coverage enhancement mode is better than the UE’s actual radio condition, it may use a smaller repetition number to transmit data. The following two situations can happen:
· Case 1: the eNB uses a smaller repetition number than required for M-PDCCH

· Case 2: the eNB uses an adequate repetition number for M-PDCCH but a smaller repetition number than required for PDSCH 

In case 1, the UE cannot successfully decode the M-PDCCH due to the inadequate repetition number. When the eMTC UE fails to receive the M-PDCCH, it shall not transmit any HARQ-ACK feedback, i.e. DTX. Based on the eMTC UE’s HARQ-ACK feedback, the eNB may adjust the repetition number for the next M-PDCCH transmission. This eNB implementation on control channel link adaptation is similar to what exists in LTE. 
In case 2, the UE can successfully decode the M-PDCCH but fail to decode the associated PDSCH. Simply the UE will send NACK back to the eNB and the eNB will do a retransmission. As an eNB implementation, the eNB may repeat the retransmission of the same transport block with a fewer number of repetitions than the initial transmission, in order to improve the network resource utilization.

In summary, based on the UE’s HARQ-ACK feedback, the eNB can detect an underused repetition number of M-PDCCH and PDSCH. No additional standardized mechanism is necessary.  

2.2 Larger repetition number than required
If the eNB adopts a repetition number larger than required for the respective M-PDCCH and PDSCH transmission, it leads to inefficient usage of the network resources, and may also lead to higher UE power consumption if the eMTC UE always uses the indicated repetition number to receive the M-PDCCH and PDSCH. There is currently no mechanism available for the eNB to detect an overused repetition number for M-PDCCH and PDSCH. In section 3, we propose a mechanism which helps the eNB to identify the scenario that the UE can receive the PDSCH with less number of repetitions. Such a mechanism helps to improve the network resource utilization and reduce the eNB/UE power consumption.
It is further noted that the information that a UE can decode a PDSCH with less number of repetitions than the eNB allocates can help reducing the repetition number of an UL transmission as well. This is particularly useful for TDD by exploiting channel reciprocity. It is noted that the amount of power consumption by a UE used for UL transmission is significantly larger than that used for DL reception. 
3 Early PDSCH decoding success indication by HARQ-ACK
In order for the UE to indicate to the network that it can decode the PDSCH successfully with a less number of repetitions than the eNB allocates (referred to as “early PDSCH decoding success”), the UE essentially needs to transmit this information to the eNB, which consequently consumes UE transmission power. Therefore, it is beneficial to seek for a mechanism that the UE can implicitly transmit the indication of early PDSCH decoding success to the eNB, without significantly increasing the UE transmission power. 
It is noted that HARQ-ACK is always sent to the eNB to report whether the corresponding PDSCH is decoded successfully or not. It is possible to consider embedding the early PDSCH decoding success indication to the UE’s HARQ-ACK transmission. More specifically, it is possible to consider transmission of the HARQ-ACK feedback and the early PDSCH decoding success indication via PUCCH format 1a/1b channel selection.
A PDSCH decoding attempt shall be defined in order to help the eNB to understand the early PDSCH decoding success. A PDSCH decoding attempt can be defined to be the number repetitions that a UE uses when decoding a PDSCH TB. Each PDSCH decoding attempt corresponds to a unique number of repetitions that a UE uses to decode a PDSCH TB. Figure 1 illustrates an example where there are two PDSCH decoding attempts.  In the example, the DCI indicates that the associated PDSCH is repeated N times. The first PDSCH decoding attempt is assumed to have N/2 repetitions and the second PDSCH decoding attempt includes all N repetitions. Further, there are two PUCCH format 1a/1b resources that the eMTC UE can derive and use. If the eMTC UE successfully decodes the PDSCH with N/2 repetition, it shall use the first PUCCH format 1a/1b resource to indicate the 1-bit HARQ-ACK feedback associated with the PDSCH; otherwise, it shall use the second PUCCH format 1a/1b resource to indicate the 1-bit HARQ-ACK associated with the PDSCH. 
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Figure 1: Early PDSCH decoding success indication together with HARQ-ACK feedback via PUCCH format 1a/1b channel selection
In the above example, the eMTC UE only needs to feedback 1 HARQ-ACK bit using one PUCCH format 1a/1b resource, if early PDSCH decoding success indication is not fed back. On the other hand, the eMTC UE needs to feedback 1 HARQ-ACK bit using one of the two PUCCH format 1a/1b resources. It is necessary to assess whether the UE would consume more transmission power to indicate the early PDSCH decoding success to the eNB.

The appendix shows the ACK missing performance requirements for the following two cases:

· 1 HARQ-ACK bit using one PUCCH format 1a resource

· 4 HARQ-ACK bits using PUCCH format 1a/1b channel selection

It is observed that the ACK missing performance requirement of 4 HARQ-ACK bits with PUCCH format 1a/1b channel selection is within 1 dB difference compared to 1 HARQ-ACK bit with PUCCH format 1b. Therefore, the performance difference between 2 bits with PUCCH format 1a/1b channel selection and 1 bit with PUCCH format 1a is even smaller. Consequently, indicating the early PDSCH decoding success to the eNB would not significantly increase the eMTC UE’s power consumption.
The PUCCH resources used for UE’s HARQ-ACK and early PDSCH decoding success can be implicitly or explicitly derived, pending on the decision of the PUCCH resource determination framework for eMTC.  
Proposal: A Rel-13 eMTC UE can transmit a 1-bit HARQ-ACK together with early PDSCH decoding success indication to the eNB, using PUCCH format 1a/1b channel selection.
As pointed earlier, it is also noted that the information of early PDSCH decoding success can be used by the eNB to appropriately adjust the M-PDCCH repetition number or the PUSCH repetition number. 
4 Conclusion

In this contribution we discuss one mechanism for a UE to indicate early PDSCH decoding success to the eNB, which allows the eNB to properly adjust the repetition numbers for PDSCH, M-PDCCH, and possibly PUSCH and hence improve the network resource utilization and reduce eNB/UE power consumption. The mechanism almost does not require the eMTC UE to use more power for sending such information to the eNB.
Proposal: A Rel-13 eMTC UE can transmit a 1-bit HARQ-ACK together with early PDSCH decoding success indication to the eNB, using PUCCH format 1a/1b channel selection.
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Appendix: ACK missing performance requirement for TS36.104
8.3.2
ACK missed detection requirements for single user PUCCH format 1a

The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent.

ACK/NAK repetitions are disabled for PUCCH transmission.

Test parameters for PUCCH transmission on two antenna ports are presented in Annex A.10.
8.3.2.1
Minimum requirements

The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.3.2.1-1 for 1Tx and in table 8.3.2.1-2 for 2Tx case.

Table 8.3.2.1-1 Minimum requirements for single user PUCCH format 1a, 1Tx

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	-2.5
	-3.9
	-4.8
	-5.4
	-5.3
	-5.1

	
	
	
	EVA 5 Low
	-4.5
	-5.1
	-5.1
	-5.0
	-5.1
	-5.1

	
	
	
	EVA 70 Low
	-4.9
	-5.2
	-5.2
	-5.1
	-5.2
	-5.1

	
	
	
	ETU 300* Low
	-5.0
	-5.1
	-4.9
	-5.0
	-5.2
	-5.2

	
	
	Extended
	ETU 70* Low
	-4.2
	-4.3
	-4.1
	-4.3
	-4.2
	-4.3

	
	4
	Normal
	EPA 5 Low
	-7.9
	-8.4
	-8.7
	-8.9
	-8.9
	-9.0

	
	
	
	EVA 5 Low
	-8.8
	-9.1
	-9.1
	-8.8
	-8.9
	-8.9

	
	
	
	EVA 70 Low
	-8.9
	-9.0
	-9.0
	-8.8
	-9.0
	-8.8

	
	
	
	ETU 300* Low
	-8.7
	-8.9
	-8.7
	-8.7
	-8.9
	-8.8

	
	
	Extended
	ETU 70* Low
	-7.9
	-8.1
	-7.9
	-8.1
	-8.0
	-8.0

	Note*:
Not applicable for Local Area BS and Home BS.


8.3.5
ACK missed detection requirements for PUCCH format 1b with Channel Selection

The ACK missed detection probability is the probability of not detecting an ACK bit when an ACK bit was sent on particular channel, with each missed ACK bit counted as one error.

The number of encoded ACK bits per sub-frame is equal to 4 bits (AAAA), 

ACK/NAK repetitions are disabled for PUCCH transmission.

This requirement is applicable for FDD and TDD. 

8.3.5.1
Minimum requirements

The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.3.5.1-1.

Table 8.3.5.1-1 Minimum requirements for PUCCH format 1b with Channel Selection

	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	1.4MHz
	3MHz
	5MHz
	10 MHz
	15MHz
	20MHz

	2
	Normal
	EPA 5
	-
	-
	-
	-4,5
	-4,6
	-4,6

	
	
	EVA70
	-
	-
	-
	-4,3
	-4,5
	-4,5

	4
	Normal
	EPA 5
	-
	-
	-
	-8,4
	-8,5
	-8,6

	
	
	EVA70
	-
	-
	-
	-8,3
	-8,5
	-8,5


