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Introduction
In this contribution, we discuss our view on some details related to explicit PUCCH resource allocation and multiplexing of different PUCCH formats from the same and different UEs. This contribution is a revision of R1-1718641.
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Multiplexing PUCCH from same UE
If a UE would simultaneously transmit on multiple PUCCH resources in the same symbol(s), transmissions could happen at different positions in the frequency-domain with a large frequency gap between the transmitted PUCCH signals. This can lead to intermodulation products and required power back off. 
[bookmark: _GoBack]When a UE has received several downlink assignments and is supposed to transmit corresponding HARQ feedback in the same slot, independent PUCCH transmissions could simplify handling of error cases that occur when a UE misses a downlink assignment. However, already in LTE a UE can multiplex HARQ feedback from multiple downlink assignments (either time slots or carriers) in one PUCCH. Error cases are handled via DAI mechanism or fixed HARQ code book sizes. It is likely that similar mechanisms can be used in NR to handle error cases. From link performance point of view, it can be furthermore beneficial to collect multiple HARQ bits into a single UCI message and transmit it with a single PUCCH format with coding rather than on several 1-2 bit un-coded PUCCH formats. 
The PUCCH format will likely support multiplexing of multiple transmissions on the same PRB. In this case, the transmissions would happen at the same PRB and no intermodulation issue would occur. However, if multiple such signals are superimposed, the cubic metric increases. Therefore, CDM multiplexing of short or long PUCCH from the same UE should not be supported. 
Proposal 1: PUCCH multiplexing from the same UE is limited to TDM.
[bookmark: _Hlk488951139]TDM multiplexing of two long PUCCH from the same UE would neither lead to increased cubic metric nor to intermodulation products. However, one long PUCCH format with the same payload is likely to perform better than two shorter long PUCCH with the same total payload and length: The longer PUCCH could have a larger code block size (at least those long PUCCH formats using coding), lower DM-RS overhead (especially if frequency-hopping is supported), and can capture time-diversity better. The multiplexing capacity of some long PUCCH formats is likely to decrease with shorter length, yet another disadvantage. Different long PUCCH could also have different payloads and thus transmit powers altering the UE transmit power which can result in phase changes of the UE power amplifier. If transmitted simultaneously with PUSCH these phase change can destroy an earlier obtained channel estimate requiring an additional PUSCH DM-RS. 
Proposal 2: Multiplexing of long PUCCH from the same UE is not supported in a slot interval.
It has already been agreed to support TDM multiplexing of long and short PUCCH from the same UE, i.e. long PUCCH stops before short PUCCH starts. If long and short PUCCH are located at different frequencies long PUCCH could extend until the end of the slot. However, if long and short PUCCH occupy frequencies with a large frequency gap in-between, intermodulation products requiring power back off can occur. The UE transmit power differs between long-PUCCH-only symbols and the last symbol(s) carrying long and short PUCCH. This power difference can lead to phase changes of the UE’s power amplifier; the channel estimate of long PUCCH obtained with an earlier DM-RS would be invalid for the last symbol(s). An extra DM-RS would be needed for the last long PUCCH symbol(s).
Proposal 3: Multiplexing of long and short PUCCH from the same UE is limited to TDM.
Multiplexing of PUCCH from different UEs
Short or long PUCCH from different UEs can be multiplexed in CDM (for PUCCH formats of the same type), FDM, or TDM (if short PUCCH is configured on the last two OFDM symbols of the slot interval). 
Moreover, long PUCCH and PUSCH in case of simultaneous transmission of PUSCH and PUCCH should have the same length. TDM of long PUCCH of different users together with simultaneous transmission of PUSCH and PUCCH (from at least one user) would force PUSCH to be of the same length of PUCCH, i.e. to start late and/or stop early during the UL part. Because of these complications, the need to support TDM of long PUCCH is questionable.
Long PUCCH from one UE can be multiplexed with a short PUCCH from another UE using FDM. This may complicate resource and collision handling of PUCCH for the last OFDM symbol(s) in a slot interval, however, with the current agreement on explicit resource allocation this seems feasible. A simple scheme could allocate long PUCCH at the edges of the configured UE bandwidth (to harvest frequency-diversity) while 1-symbol short PUCCH are located more inwards. 2-symbol short PUCCH with frequency-hopping should also be allocated to the UE configured band edge but preferable at different PRBs than long PUCCH resources to avoid PUCCH blocking.
Proposal 4: TDM multiplexing of long PUCCH from different UEs is not supported.
Conclusion
In this contribution, we discuss our view on PUCCH resource allocation and propose:
Proposal 1: PUCCH multiplexing from the same UE is limited to TDM.
Proposal 2: Multiplexing of long PUCCH from the same UE is not supported in a slot interval.
Proposal 3: Multiplexing of long and short PUCCH from the same UE is limited to TDM.
Proposal 4: TDM multiplexing of long PUCCH from different UEs is not supported.





