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[bookmark: _Ref513464071]Introduction
This contribution discusses potential enhancements to improve coverage of PUCCH. 
The contribution proposes to focus the study of enhancements for PUCCH on schemes that can bring significant improvements without requiring repetition over many slots. Examples of such schemes include DM-RS enhancements and sequence-based PUCCH design for more than 2 bits payload.
Possible enhancements
[bookmark: _GoBack]In RAN1#101-e, most companies proposed to consider PUCCH enhancements as part of the NR Coverage Enhancement SI. Even if evaluations conclude that PUSCH is the limiting channel for coverage in R16 under the considered scenarios, it may still be beneficial to specify enhancements for PUCCH if it becomes the limiting channel when enhancements for PUSCH are introduced. Another motivation to improve PUCCH performance is that in FR2, it becomes more critical from link maintenance perspective to provide error-free CSI or HARQ-ACK (e.g. upon beam switching by MAC CE).
Potential enhancements for PUCCH could be categorized as follow:
a) Time-domain enhancements such as enhanced repetition or extended transmission
Increasing energy by extending transmission in time domain (e.g. by repetition) improves coverage. R15 supports a repetition scheme for PUCCH but some limitations exist. For example, in case of overlap with a PUSCH repetition no multiplexing is support and the PUSCH repetition is dropped. Another problem is that a PUCCH repetition is skipped for a slot that does not have the required number of symbols available for transmission.
b) DM-RS enhancements
DM-RS enhancement such as bundling could be used to improve performance in case PUCCH repetition is enabled. One possibility is to transmit a DM-RS in the last symbols of the slot preceding the PUCCH transmission if that slot contains only a few uplink symbols at the end, as shown in Figure below. This type of enhancement is also considered for PUSCH [2].


Figure 1. Additional DM-RS for PUCCH in last symbols of preceding slot in TDD.

c) Diversity enhancements
PUCCH performance could be improved by increasing diversity. For long PUCCH formats (F1, F3, F4) frequency diversity is already supported by configuring intra-slot frequency hopping, thus the scope for further improvement in that dimension may be limited. Space diversity could be improved by specifying transmit diversity schemes, currently under evaluation in RAN4. 
d) Enhanced scheme for low-SNR (e.g. sequence-based)
Sequence-based transmission for PUCCH is supported in R15 in PUCCH F0. In [1] it is proposed to support sequence-based transmission for PUCCH for more than 1 bit of UCI. The motivation is that such type of non-coherent transmission performs better in low SNR regime that prevails for power-limited UEs. Evaluation results in [1] suggest that substantial gains (3-4 dB) can be achieved using this technique at least for low Doppler (11 Hz) and moderate payload (11 bits). As part of this study design aspects such as the number of transmitted sequences, resources allocated to each sequence, possible payload encoding and distribution, etc. could be evaluated to ensure good performance across payload size, SNR and Doppler conditions.
Although there are potential gains from each of the potential enhancements mentioned in the above, some enhancements may be more practical and spectrally efficiency than others from operation point-of-view. In general, use of PUCCH repetition (whether enhanced or not) over many slots may reduce efficiency scheduler flexibility. Therefore, schemes that are more likely to yield significant gains without resorting to extensive use of repetition should be prioritized for the study.
Proposal: Prioritize study of PUCCH enhancements that can bring significant improvements without requiring repetition over many slots, such as DM-RS enhancements and sequence-based PUCCH for more than 2 bits payload.
Conclusion
This contribution discussed potential enhancements to improve coverage of PUCCH, and proposes the following:
Proposal: Prioritize study of PUCCH enhancements that can bring significant improvements without requiring repetition over many slots, such as DM-RS enhancements and sequence-based PUCCH for more than 2 bits payload.
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