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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#88, following agreements had been made on uplink control channel in long-duration [1].
Agreements:
· For a given UCI payload, long-PUCCH is designed such that:
· FFS: UE multiplexing capacity should be same/similar to LTE PUCCH
· PAPR/CM should be same/similar to LTE PUCCH except for NR CP-OFDM case (if supported)
· Frequency-diversity gain should be same/similar to LTE PUCCH
· Interference randomization should be enabled
· For more than 2 UCI bits, strive for scalable design with long-PUCCH with respect to the number of UCI bits
· Strive for scalable design with long-PUCCH with respect to the number of symbols

Agreements:
· For PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot
· FFS the set of supported values

Agreements:
· For PUCCH in long duration,
· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)
· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed
· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.
· FFS for >2 UCI bits
· FFS the case of within a slot

This contribution discusses detailed design of uplink control channel in long-duration.
Discussion
Channel structure of PUCCH in long duration
We consider the design of PUCCH in long duration with DFT-s-OFDM as it was already agreed that DFT-s-OFDM is supported. For DFT-s-OFDM, TDM between RS and UCI is supported. In addition, it was agreed that PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbol greater than X (X>=2). Therefore, PUCCH in long duration design requires scalability with a minimum of 4 symbols in a given slot. Following two design directions could be considered for scalability.
· Shortening method: One is PUUCH for UL-only slot is designed first. Shortened format from UL-only design is further designed. This would be similar to LTE PUCCH and called as shortening method in this contribution. 
· Extension method: The other is minimum length of long PUCCH is considered first. Repetition based format of minimum length of PUCCH is further designed for longer length until UL-only slot. This is called as extension method in the contribution.
The examples of above two designs are illustrated in Fig.1 and 2. In the following figures fixed-location RS is assumed for all length of PUCCH.
For shortening method, time-domain CDM (symbol as a chip) between different lengths of PUCCH is difficult. To fix RS position in a slot (e.g., the middle of symbols in a slot or last symbol(s) in a slot) should be considered.
For extension method, CDM between different lengths of PUCCH is possible but the multiplexing capacity is limited to minimum block length. To fix RS position in a slot would also be possible but RS overhead become large if the same minimum block which has RS and UCI symbols are concatenated.
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Fig.1 Shortening method 　　　　　　　　　　　　　Fig.2 Extension method
On resource unit size, a complete PRB is used for larger UCI payload size. On the other hand, for small UCI payload size, multiple UEs are multiplexed in a (set of) PRB(s). In LTE, PUCCH resource is FDMed by PRB level and CDMed among multiple UEs. In eMTC, as PUCCH is available, to use 1 PRB based design with CDM is reasonable. While in NB-IoT, just FDMed by subcarrier level is used. For NR context, whether CDM over 1 PRB is better or just FDM of 1 (or a few) subcarrier (NB-IoT like design), is better or both is better for a relatively small payload size should be considered. FDM by subcarrier level would allow more flexible multiplexing of different numerologies. Probably flexible multiplexing of different format like (2, 20, and 100 bits payload size formats) also is allowed by subcarrier level FDM. For subcarrier level FDM, in order to randomize the interference to the neighbour cells, the used subcarriers in a PRB could be hopped within a PRB.
Based on the above discussion, following 4 options could be considered for channel structure of PUCCH in long duration.
· Option 1: Shortening method with full 1 PRB usage
· Option 2: Shortening method with only certain subcarriers usage within PRB
· Option 3: Extension method with full 1 PRB usage
· Option 4: Extension method with only certain subcarriers usage within PRB
CDM could be applied to all options but the need of CDM realized in LTE release 8 is less for subcarrier level FDM. Therefore, both shortening method and extension method could be applicable (i.e., Option 2 and 4). While CDM would be necessary for full PRB usage, and therefore, combination with extension method would be reasonable for full 1 PRB usage (i.e., Option 4).
Proposal 1: Shortening method or extension method could be considered for the design of scalable channel structure for PUCCH in long duration.
Proposal 2: For shortening method, at least FDMed by subcarrier level should be supported for the multiplexing among PUCCH from different UEs.
Proposal 3: For extension method, both FDMed by PRB level and FDMed by subcarrier level could be considered. CDM should be combined with FDMed by PRB level.

Channel structure for PUCCH in long duration over more than 1 slot
It was agreed that the UCI can be repeated within N slots (N>1) at least for 1 or 2 UCI bits. The longer format needs to support multiple slot usage with repetition in order to support further longer coverage. CDM on top of repetition should be considered to increase the multiplexing capacity.
Proposal 4: NR UL control channel supports long duration over more than one slot by repeating UL control channel for long duration multiple slot duration.
Proposal 5: CDM on top of repetition should be considered to increase the multiplexing capacity for PUCCH in long duration over more than 1 slot.
Conclusion
In this contribution, we discussed detailed design of uplink control channel in long-duration. We have the following proposals:
Proposal 1: Shortening method or extension method could be considered for the design of scalable channel structure for PUCCH in long duration.
Proposal 2: For shortening method, at least FDMed by subcarrier level should be supported for the multiplexing among PUCCH from different UEs.
Proposal 3: For extension method, both FDMed by PRB level and FDMed by subcarrier level could be considered. CDM should be combined with FDMed by PRB level.
Proposal 4: NR UL control channel supports long duration over more than one slot by repeating UL control channel for long duration multiple slot duration.
Proposal 5: CDM on top of repetition should be considered to increase the multiplexing capacity for PUCCH in long duration over more than 1 slot.
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