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1 Introduction
A new work item “Low cost and enhanced coverage MTC UE for LTE” was approved at RAN#60. One of the general objectives of the new work item is to provide a relative LTE coverage improvement – corresponding to 15dB for FDD - for the MTC UE with respect to normal LTE UE category 1 with the following techniques [1]:

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

Evaluation and/or analysis of potential solutions to achieve the improvement are applicable for various physical channels and signals. For PUCCH, it was discussed in the technical report [2] that PUCCH contents can be reduced or even eliminated for MTC UEs, and thus, PUCCH coverage enhancements do not need to be considered. On the other hand, it was also discussed that the functionality of PUCCH should be retained for MTC UEs, and some techniques, e.g., time domain repetition, were discussed for PUCCH coverage enhancements.
In this contribution, we provide our views on the necessity of PUCCH support for MTC UEs, and also provide analysis and simulation results on the PUCCH coverage enhancements techniques.
2 Necessity of supporting PUCCH for MTC UEs
PUCCH is used for transmission of uplink control signaling consisting of CSI, HARQ-ACK, and scheduling requests (SR). In this section, we discuss the necessity of supporting PUCCH for coverage-limited MTC UEs.
· CSI: Since MTC UEs are expected to be equipped with a single receive antenna [1], MIMO-related feedback (e.g. PMI and RI) is not necessary. Also, considering the very low rate traffic in the studied scenario, it is likely that the lowest MCS will always be used for coverage-limited MTC UEs and CQI report is not needed. Hence, it is preferable to avoid CSI feedback for MTC UEs requiring coverage extension. 
· HARQ-ACK: Since two TB based transmission is not supported in downlink, only PUCCH format 1a can be considered for MTC UEs. Too many repetitions of HARQ-ACK may introduce large delay in HARQ procedure. Therefore, it may be preferable to rely on RLC ARQ and to eliminate the HARQ operation. However, under the studied scenario, keeping HARQ might be more efficient than using RLC ARQ alone especially when the sufficiently low block error rate in physical layer cannot be provided to higher layers. Since HARQ-ACK repetition functionality is already supported, the extension of HARQ-ACK repetition can be considered with additional specification support.
· SR: Scheduling requests are used to request resources for uplink data transmission. It is still possible for the UE to request resources via contention-based random access procedure if the UE does not have a valid PUCCH resource for SR. Therefore, MTC UEs requiring coverage extension can operate without PUCCH to avoid the coverage issue. However, the collision probability of contention-based random access process will increase. Moreover, the overhead of using random access procedure instead of transmitting SR might be substantial since the procedure involves PRACH, PUSCH, and PDSCH transmissions, which needs further analysis.
Given the above analysis, we propose to further study whether there is a need to support PUCCH format 1a for MTC UEs requiring coverage extension.
Proposal: The support of PUCCH format 1a (HARQ-ACK) for coverage-limited MTC UEs needs to be further studied. 
3 Coverage Enhancements for PUCCH format 1a
According to the maximum coupling loss (MCL) in [2] and assuming 15dB coverage enhancement target for FDD, the target MCL is calculated in the table below:
Table 1. Summary of MCL and target MCL for LTE FDD
	 
	PUCCH (1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (dB)
	147.2
	141.7
	140.7
	145.4
	149
	149.3
	146.1

	Target MCL (dB)
	155.7
	155.7
	155.7
	155.7
	155.7
	155.7
	155.7


According to Table 1, the required gain for PUCCH format 1a is 8.5dB.
Observation 1: The required coverage gain for PUCCH format 1a is 8.5dB.

In the following subsections, we discuss the coverage enhancement techniques of PUCCH format 1a for MTC UEs and evaluate link level performance to see whether coverage enhancement target can be met for PUCCH format 1a.
3.1
HARQ-ACK repetition
HARQ-ACK repetition is currently supported in Rel-8/9/10/11 by specification for PUCCH format 1a/1b [3]. When the repetition is enabled, the UE shall repeat any HARQ-ACK transmission with a repetition factor 
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, which is provided by higher layers. Currently, HARQ-ACK can be configured to repeat up to 
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= 6 times. To achieve the coverage enhancement target, extending the repetition factor 
[image: image3.wmf]ANRep

N

 above 6 would be a natural way with minor specification impact which would be mainly on the HARQ-ACK timing. In this subsection, we show the simulation results with extended HARQ-ACK repetition.
Simulation assumptions are summarized in Table 2 and the simulation results of PUCCH (1a) with various repetition levels are shown in Figure 1. Note that single-subframe channel estimation is used in Figure 1. Also, DTX detection is not considered in the simulations.
Table 2. Simulation assumptions for PUCCH format 1a
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	EPA-1Hz

	Frequency error
	100 Hz

	Performance target
	1% BER

	Channel estimation
	Realistic single-subframe or cross-subframe channel estimation


From Figure 1, it is observed that 8.8dB coverage enhancement can be achieved with 30 repetitions for PUCCH. Note that 
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 = 6, which is the maximum repetition factor currently supported, only achieves 5dB gain compared to no repetition case.
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Figure 1. PUCCH performance with repetition
Observation 2: By extending the number of HARQ-ACK repetition to 
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 = 30, 8.8dB coverage gain can be achieved for PUCCH.
3.2
Cross-subframe channel estimation
It is observed in the technical report [2] that cross-subframe channel estimation requires less number of repetition times than single-subframe channel estimation for PDSCH/PUSCH since better channel estimation algorithm will lead to better performance. If we could also apply the technique to PUCCH, then the required number of repetition for PUCCH will be reduced.
According to [3], when the HARQ-ACK repetition is enabled, UE shall repeat transmission of PUCCH 
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-1 times using the same PUCCH resource which is configured by higher layers. Upon receiving a repeated PUCCH whose resource is the same as that of the previous PUCCH transmission, the eNodeB can apply a realistic cross-subframe channel estimation algorithm to further improve the performance. It should be noted that since PUCCH frequency resource is frequency hopping on the slot boundary to provide frequency diversity as shown in Figure 2, cross-subframe channel estimation should be performed slot by slot separately, i.e., the channel estimation for the first slot should only consider the first slot of the previous subframe.
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Figure 2. Mapping of PUCCH to physical resource blocks
Figure 3 illustrates the link level performance for PUCCH with both repetition and the cross-subframe channel estimation at the eNodeB. Compared with Figure 1, it shows that adopting cross-subframe channel estimation brings additional 1dB gain. Consequently, 8.8dB gain is now achieved with 18 repetitions.
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Figure 3. PUCCH performance with cross-subframe channel estimation in addition to repetition
Observation 3: When the cross-subframe channel estimation is used, the required HARQ-ACK repetition factor is reduced to 
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 = 18 for PUCCH to achieve more than 8.5dB gain.
4 Conclusion

In this contribution, we provided our views on the necessity of supporting PUCCH for MTC UEs and evaluated the coverage enhancements for PUCCH format 1a using repetition (extension of HARQ-ACK repetition) and improved channel estimation algorithms (cross-subframe channel estimation). In summary, we have the following proposal and observations:
Proposal: The support of PUCCH format 1a (HARQ-ACK) for coverage-limited MTC UEs needs to be further studied.
Observation 1: The required coverage gain for PUCCH format 1a is 8.5dB.
Observation 2: By extending the number of HARQ-ACK repetition to 
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 = 30, 8.8dB coverage gain can be achieved for PUCCH.
Observation 3: When the cross-subframe channel estimation is used, the required HARQ-ACK repetition factor is reduced to 
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 = 18 for PUCCH to achieve more than 8.5dB gain.
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