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1	Introduction
The new radio work item based on [1] was accepted in RAN#75 plenary.
In this contribution we discuss about methods against beam pair blocking for NR-PUCCH transmissions. As a starting point we consider the following agreement made in RAN1#88: 
	Agreement:
· Study further multi-beam based NR-PUCCH transmission for robustness against beam pair link blocking
· E.g., UE transmits NR-PUCCH on different UL Tx beams in different NR-PUCCH OFDM symbols
· FFS: multi-beam triggering condition/mechanism (e.g. event-triggered, network configured, etc.)
· FFS: number of OFDM symbols for each beam



2	Discussion
To provide link robustness between UE and gNB for both downlink and uplink, there may be multiple beam pair links between UE and gNB to be kept tracked and aligned, where a beam pair link comprises a UE TX beam and a gNB RX beam. There may be different situations when a certain beam pair link gets non-aligned:
Case 1: UE rotates but no blockage between UE and gNB RX beam
In this case, the gNB RX beam would remain the same but the UE may need to switch its TX beam or widen the TX beam in order to compensate the rotation effect and get the beam pair link aligned again. 
Case 2: There is blockage between UE and gNB RX beam
In this case both the UE TX and gNB RX beams would need to be changed in order to re-align the beam pair link. In other words, the beam pair link of interest becomes blocked. 
As said, apparent mechanism to provide robustness against blockages is beam pair diversity where UE may be configured with multiple NR-PUCCH resources each corresponding to a certain UE TX beam and gNB RX beam pair. Given the fact that both UE and gNB may have limited capabilities and be able to form one beam at a time, the resources for different beam pair links need to be time domain multiplexed. 
Observation: If UE is configured with multiple NR-PUCCH resources for beam pair diversity, TDM multiplexing is needed for UE’s NR-PUCCH resources.
Then, do Case 1 and Case 2 need to be separated when UE is configured multiple NR-PUCCH resources? It is assumed that UE derives UL TX power from DL RS which has an association to the gNB RX beam pair of the certain beam pair link. Thus, it’s considered that in configuration the UE needs to be indicated what will be gNB RX beam for the NR-PUCCH reception.
Observation: Configuration of NR-PUCCH resources for beam diversity needs to indicate the gNB RX beam and associated DL RS for UL TX power control. 
The UL transmission diversity has some commonalities and differences from the DL case. In DL the idea is that different beams from same or different TRPs are used for multiple PDCCH transmission. This covers also the case when beam widths used for these transmission occasions are different, for example using a narrower beam for the primary PDCCH transmission and a wider beam for the secondary PDCCH transmission. We can see such transmission as a form of beam selection from a CoMP-type of transmission. 
In UL there are a few options for the transmission, and in fact more importantly for the reception of the UL signals: 
1. the primary and secondary ULs can be received by the same TRP, on different beams pairs.
2. the primary and secondary ULs can be received by different TRP, on different beams pairs.
3. There can be a single UL transmission received by different TRP beams or different TRPs. In such a case the UE would utilize a wider beam for UL transmission. Such a scenario is not possible in downlink and resembles a form of UL CoMP.

The first 2 cases above can mirror the DL diversity operation where the two transmissions can be either TDMed or transmitted in the same time. The beam widths used for the of these transmission of such UL signals are UE implementation aspects and hence a narrower beam can be used for the primary UL transmission and a narrower beam can be used for the secondary UL transmission. From the network operation perspective, only the reception of the UL diversity transmission in the same TRP does not involve cooperation between TRPs.
Proposal: Compare the reception of different UL transmissions in same TRP, different TRPs as well as the reception of a single UL transmission by multiple TRPs.
3	Conclusions 
In this contribution we discussed about providing robustness for NR-PUCCH in multi-beam scenario. Based on the discussion, the following observations and agreements were made:
Observation: If UE is configured with multiple NR-PUCCH resources for beam pair diversity, TDM multiplexing is needed for UE’s NR-PUCCH resources.
Observation: Configuration of NR-PUCCH resources for beam diversity needs to indicate the gNB RX beam and associated DL RS for UL TX power control. 
Proposal: Compare the reception of different UL transmissions in same TRP, different TRPs as well as the reception of a single UL transmission by multiple TRPs.
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