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1 Introduction

It remains to be decided whether and how the Rel-13 low complexity (LC) and coverage enhanced (CE) UEs [1] should support PUCCH transmission.
2 Discussion
PUCCH is used to convey lower layer control information (CSI, HARQ-ACK and SR) from the UE to eNodeB. As noted in contribution [2] it might be possible to do reasonably well without PUCCH support in enhanced coverage mode.

However, the following working assumptions related to PUCCH were made during the Rel-12 work [3]:

	· 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).


Since a Rel-13 low complexity UE with reduced bandwidth will need some time for re-tuning every time it changes its carrier frequency, the instantaneous intra-subframe frequency hop in the middle of the PUCCH subframe illustrated in Figure 1 is a bit problematic.
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Figure 1: Legacy PUCCH physical channel mapping.
If PUCCH is to be supported for Rel-13 low complexity UEs with reduced bandwidth then either the frequency hopping needs to be avoided or guard periods allowing for re-tuning need to be inserted. The potential performance gain from frequency hopping depends on the BER target. According to PUCCH HARQ-ACK link simulation results in [4]  there is no significant frequency hopping gain when the BER target is around 10% but approximately 2 dB gain when the BER target is around 1% or lower.
Observations:

· If PUCCH is supported for Rel-13 low complexity UEs, then either the frequency hopping needs to be avoided or guard periods allowing for re-tuning need to be inserted.

· PUCCH frequency hopping is estimated to give approximately 2 dB gain at 1% BER target but insignificant gain at 10% BER target.

Regarding the ‘No support of repetition of periodic CSI over PUCCH’ mentioned in the old Rel-12 working assumptions, it is not obvious that CSI will be very useful at least in the worst case scenario where the maximum coverage enhancement is needed. A UE operating in enhanced coverage mode is expected to experience a very bad channel quality. It should also be noted that the CSI reporting will be very slow in case it is repeated many times to improve the coverage. This is not necessarily a problem since the radio channel is also expected to vary very slowly in the studied scenario. However, it is probably sufficient to transmit the CSI in-band on UL-SCH if a CSI is needed at all. Link adaptation can also be based on the measured required number of (H)ARQ transmissions for successful transmission. Hence there does not seem to be a strong need for CSI transmission over PUCCH.

Proposal:

· Repetition of periodic CSI over PUCCH is not supported for UEs in enhanced coverage.
The ‘FFS on the configurability of ACK/NACK’ mentioned in the Rel-12 working assumptions concerns the potential introduction of a possibility for the eNodeB to turn off the HARQ-ACK feedback. The reasoning behind this is that it may be sufficient to rely on an appropriate amount of PDSCH TTI bundling in combination with RLC ARQ (soft combining of RLC transmissions could possibly be considered) and thereby eliminate the feedback for the physical layer HARQ protocol. In scenarios where many UEs in enhanced coverage with infrequent packet traffic are kept for extended periods of time in RRC_CONNECTED, switching off the HARQ-ACK feedback on PUCCH could help save PUCCH resources.
Proposals:

· Discuss the feasibility of supporting repetition of HARQ-ACK over PUCCH for UEs in enhanced coverage.
· Consider allowing eNodeB to switch off the HARQ-ACK feedback on PUCCH for Rel-13 low complexity UEs and UEs in enhanced coverage.
· Discuss the feasibility of supporting repetition of D-SR over PUCCH for UEs in enhanced coverage.

3 Conclusion

Observations:

· If PUCCH is supported for Rel-13 low complexity UEs, then either the frequency hopping needs to be avoided or guard periods allowing for re-tuning need to be inserted.

· PUCCH frequency hopping is estimated to give approximately 2 dB gain at 1% BER target but insignificant gain at 10% BER target.

Proposals:

· Repetition of periodic CSI over PUCCH is not supported for UEs in enhanced coverage.

· Discuss the feasibility of supporting repetition of HARQ-ACK over PUCCH for UEs in enhanced coverage.

· Consider allowing eNodeB to switch off the HARQ-ACK feedback on PUCCH for Rel-13 low complexity UEs and UEs in enhanced coverage.

· Discuss the feasibility of supporting repetition of D-SR over PUCCH for UEs in enhanced coverage.
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