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1
Introduction
In RAN1#75, the following working assumption was agreed – 
· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH

· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.
· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).
In this contribution, we consider further CSI operation and ACK/NACK repetition in enhanced coverage mode.
2
CSI
The working assumption is that there is no repetition of periodic CSI over PUCCH. There is a question of whether periodic CSI over PUCCH without repetition can be used. For instance, CSI may still be supported for UEs requiring only a small amount of coverage enhancement. Table 1 summarizes the link budget from [1] which was used to determine the limiting channel. From the table, it is seen that the PUSCH is the limiting channel for FDD while the PRACH is the limiting channel for TDD.
Table 1. Summary of MCL from 36.888 [1].
	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	MCL (TDD)
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9

	NOTE 1: 
eNB is assumed with 2 Tx and 2 Rx in FDD systems.

NOTE 2: 
eNB is assumed with 8 Tx and 8 Rx in TDD systems.

NOTE 3: 
PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.



Link-level performance results have shown that PUCCH Format 2 requires approximately 3.5 dB higher SINR than PUCCH Format 1A. This reduces the MCL of the CSI correspondingly. Using the value from Table 1, it can be estimated that the MCL of the CSI (PUCCH Format 2) is 143.7 dB for FDD and 145.9 dB for TDD. Based on these numbers, it is seen that the CSI can still be reliably received for FDD UE with up to 3dB enhanced coverage. However, for TDD, a UE in enhanced coverage will not be able to reliably receive the CSI.

Since CSI configuration is a network implementation choice and the eNB can still receive CSI reports from UEs requiring small amount of coverage enhancement in FDD, it is proposed that periodic CSI over PUCCH without repetition can be configured for UEs in enhanced coverage mode.
Proposal 1: Periodic CSI over PUCCH without repetition can be configured for UE in enhanced coverage mode.
One issue is whether the current CQI table is valid for UE requiring coverage enhancement mode. It may be that a new table is needed to address the very low SINR. Another concern is whether the UE will be able to reliably estimate its CQI value. These issues should be studied further.
3
ACK/NACK
Without ACK/NACK, the eNB would have to rely on RLC-level ARQ. This may be reasonable for delay-tolerant traffic. However, by relying on RLC ARQ, the eNB will lose the benefits of HARQ which can include diversity gain and adaptive retransmission. Furthermore, even if the traffic is delay tolerant, the delay budget may be exceeded if we need to rely on RLC ARQ only. Also, without HARQ a smaller initial BLER target may be needed (e.g. 1% without HARQ versus 10% with HARQ). This can result in substantially larger number of repetitions required for the PDSCH.
Figure 1 illustrates PUCCH Format 1A performance.  Without repetition, the 1% BLER performance point of the PUCCH is achieved at -7.4 dB.  For the PUCCH, the required coverage improvement is 8.5 dB for FDD.  Using the SINR requirement of -15.9dB for FDD as the guideline, it is seen from Figure 1 that this can be achieved using repetition factor of 8.   
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Figure 1.  PUCCH (1A) performance with repetition (FDD). 

Currently, repetition is supported for the ACK/NACK with repetition factors of 2, 4, and 6. One spare value remains available in the RRC configuration and may be used to support 15dB coverage enhancement. The same framework for repetition can also be introduced for SR.
Proposal 2: Add ACK/NACK repetition factor of 8 to the existing values of 2, 4, and 6.

4
Conclusion
In this contribution, we consider further CSI operation and ACK/NACK repetition in enhanced coverage mode. Based on our analysis, the following proposals are made –

Proposal 1: Periodic CSI over PUCCH without repetition can be configured for UE in enhanced coverage mode.
Proposal 2: Add ACK/NACK repetition factor of 8 to the existing values of 2, 4, and 6.
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