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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In the previous RAN1 meetings, lot of contributions discussed about long PUCCH transmission over multiple slots. 
In this contribution, we describe two issues in CSI reporting. First issue is regarding the CSI reporting when the UE is configured to support multi slot.  And the second issue is regarding frequency hopping with multiple slots.
It can be observed that frequency hopping for multi-slot operation is captured in [1]. However, with the existing agreements, the hopping pattern is same for all the slots. This means diversity gain is same for all the slots. Since the main purpose of frequency hopping is to provide diversity gain, we can improve the diversity gain if the frequency hopping pattern is different.  
CSI Reporting With Multiple Slot Operation 
For coverage improvement, the network can configure a UE in multi slot operation.  With multiple slot operation, the UE will repeat the PUCCH either 2, 4 or 8 times. The configuration parameter is sent using   RRC signaling. This text is captured in TS 38.211 in section 6.3.2.4.1 as

‘’ In case of a PUCCH transmission spanning multiple slots, the complex-valued symbol  is repeated for the subsequent slots.’’
According to the text, the UE will repeat the contents of PUCCH format 1 in all the remaining slots. However, the standard still does not specifies the contents of for PUCCH format 3 and 4 where CSI is transmitted.  With the current text, even though the UE can report HARQ-ACK multiple times, the network can’t schedule as the CSI is not repeated over multiple slots.  This is because, the network can’t obtain the accurate CSI.  
Assuming low pay load for CSI, Figure 1 shows the block error rate (BLER) with multiple slot operation. We used 4 receiver antennas at the base station.  When we use 1 slot operation for CSI reporting, while say we use 4 slot operation for HARQ-ACK, we might incur a coverage loss of 4 dB.  Hence in our view, if we use multiple slots for HARQ-ACK, it should be applicable for CSI report too. Without CSI report the network can’t schedule the UE.
[image: ]
                                                    Figure 1 Coverage improvement using multiple-slots
Proposal 1:  With multiple slot operation, the contents of CSI are repeated over the configured slots for improving the coverage

During the previous meeting questions were raised about the CSI reporting for coverage limited UEs. The main argument was that coverage limited UEs does not require accurate CSI. However, in our view, base station configures the UE in multiple slot operation. Figure 2 shows a typical scenario, where the network configures the UE in multiple slot operation based on the location (say), the repletion factors change based on the UE location. Hence we can’t assume that only the coverage limited UEs operate in multiple slots. 
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Figure 2  Configuration of repetition factors in cellular deployment


Say if the UE geometry is less than 10 B, then it might configure in multiple slot configuration. In these cases, we strongly feel that UE needs to report CSI multiple times for accurate CSI reception. To see the impact of open loop CSI (rank=1, wideband PMI, CQI=0) with accurate CSI, Figure 2 shows the spectral efficiency impact. It can be observed that the performance of NR is significantly impacted even at 0 dB. Hence we propose that  UE should use multiple slot operation even for CSI reporting.  
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 Figure 3 Spectral efficiency loss due to in accurate CSI
 Frequency Hopping for Multi Slot Transmission of Long PUCCH
[bookmark: _Ref378529477]In our view, the NR PUCCH is deployed in higher frequencies compared to that of LTE PUCCH. However to match the coverage of LTE PUCCH, NR needs new techniques to mitigate the losses due to propagation at higher frequencies.  In our evaluations, we observed that receive diversity as one technique to mitigate the path loss at higher frequency. However, if the PUCCH is repeated over multiple slots, we can get additional diversity as the received needs to aggregate the symbols in the slots and use maximum ratio combining for decoding the long PUCCH. That is additional diversity can be obtained if we use multi slot based transmission for long PUCCH.  
As an example, Figure 1 shows the BLER plot for PUCCH format 1 with2   bits of HARQ-ACK when LTE-PUCCH is deployed at 700 MHz band and NR-PUCCH is deployed at 1800 MHz band. It can be observed that with 4 slots of PUCCH, we can match the coverage of LTE. 
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Figure 1 BLER comparison for PUCCH format 1 with multi slot transmission

Similarly, Figure 2 shows the PUCCH format 3 with Pi/2 BPSK modulation and CSI length equal to 4 bits. In this case, too we observed that NR can match the coverage of LTE at low bands by using 2 slot operation. [image: ]
Figure 2 BLER comparison for PUCCH format 3 with multi slot transmission

It can be observed the multi-slot operation is similar to adding receiving antennas as both provide power gain (similar to chase combining for HARQ). For providing time diversity frequency hopping is used. However, in the above simulations, we used the frequency hopping pattern for each slot is same.  Since the hopping pattern is same, we are losing the diversity gain. Hence in our view, we can achieve more diversity gain, if the network can configure different hopping patterns for each slot. Say for example if the network can define 4 frequency hopping patterns already defined for PUSCH and allocate different patterns for each slot, then the gains achieved with multiple slots can be improved. Hence we propose that network should be able to signal different frequency hopping patterns for multi slot PUCCH transmission similar to PUSCH. 
Proposal 2:  For NR multi slot PUCCH transmission, the network should be able to configure same/different frequency hopping patterns for each slot to improve frequency diversity
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In this contribution we describe our views on support of long PUCCH over multiple slots
[bookmark: _GoBack]Based on our observations, we have the following proposal:
Proposal 1:  With multiple slot operation, the contents of CSI are repeated over the configured slots for improving the coverage
[bookmark: _Ref450342757]Proposal:  For NR multi slot PUCCH transmission, the network should be able to configure same/different frequency hopping patterns for each slot to improve frequency diversity
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