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In RAN1 #91 [1], the following agreements have been made for short PUCCH. 
· Value range of starting symbol in a slot is 0 -13 for PUCCH Format 0 and 2.
· FFS: Not all values can be configured for a UE

· For PUCCH formats 0, 1, 3 & 4, slot-level base sequence hopping as in LTE is reused
· FFS details especially regarding slot indexing considering the difference between NR and LTE
· Slot-level base sequence hopping for PUCCH format 3 and 4 is a function at least based on a configurable ID,  similarly as agreed for PUCCH format 0 and 1.
· Note that: the configurable ID is already agreed for PUCCH base sequence hopping
· FFS: whether and how to support symbol-level base sequence hopping
· For PUCCH format 0 & PUCCH format 1, symbol-level cyclic shift hopping as in LTE is reused
· For PUCCH format 3 & PUCCH format 4, symbol-level cyclic shift hopping as in LTE is reused

In this contribution, we share our view on the value of short PUCCH starting symbol and on the symbol-level base sequence hopping. 
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As agreed in the RAN1 #91 meeting, there are two cases for PDCCH monitoring at the UE [1]: 
· Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot

For Case 2, since PDCCH can happen in every symbol within a slot, it is natural to allow the starting symbols of short PUCCH to be configured all values between 0-13 (i.e., everywhere). 
For Case 1, however, the determination of the starting symbol for short PUCCH should take into account the scheduling of the PUSCH from the same UE. From the perspective of an UE, a short PUCCH should not be transmitted in the middle of a long PUSCH from the same UE (as illustrated in Fig. 1). Such a case of short PUCCH interrupting long PUSCH creates several issues for the UE. For example, since the PUSCH and PUCCH may occupy different bandwidths and have different power, the power transitions between PUCCH and PUSCH make the power control implementation complicated at UE. Furthermore, power ramp up and ram down during transition also degrade either PUSCH or PUCCH signal quality therefore degrade PUCCH or PUSCH performance. More importantly, due to power difference between PUCCH and PUSCH, the phase continuity between the two parts of PUSCH cannot be maintained. One serious issue with that is shown in Figure 1 below, the front loaded DMRS cannot be used for decoding of PUSCH part 2, which is after the interruption of short PUCCH. Then PUSCH part 2 has no DMRS for decoding. Obviously the whole PUSCH decoding would fail.  
[bookmark: _GoBack]From eNB schedule point of view, eNB should try to avoid schedule PUSCH colliding with short PUCCH. From UE point of view, in case of UE see the overlap of short PUCCH with long PUSCH, if the starting symbol of PUCCH and PUSCH is aligned, short PUCCH can be piggybacked on long PUSCH. When a short PUCCH overlapping with a PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in short PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH. The details of this solution are provided in [2].
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Proposal 1: Do not support a short PUCCH transmission interrupt a long PUSCH transmission duration.
Proposal 2: When a short PUCCH overlap with a PUSCH with the same starting symbol but different ending symbol, short PUCCH is piggybacked on PUSCH.
Proposal 3: When a short PUCCH overlap with a PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in short PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and short PUCCH. 
Symbol-level base sequence hopping for PUCCH
In this section, we share our view on symbol-level sequence hopping for PUCCH formats 0,1, 3, and 4. 
One potential issue for (multi-symbol) PUCCH is that, neighboring cells may employ base sequences that have a high cross correlation in the same slot, hence creating high inter-cell interference. To solve this issue, symbol-level cyclic shift hopping is used in LTE to randomize the interferences between different symbols. And as agreed in RAN1 #91 [1], symbol-level cyclic shift hopping as in LTE is supported for NR PUCCH format 0,1,3, and 4. In our view, adding symbol-level base sequence hopping does not seem to provide additional gain compared with symbol-level cyclic shift hopping only. Based on this observation, we make the following proposal.
Proposal 4: For NR PUCCH format 0, 1, 3 & 4, symbol-level base sequence hopping is not supported.  
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In this contribution, we propose the following. 
Proposal 1: Do not support a short PUCCH transmission interrupt a long PUSCH transmission duration.
Proposal 2: When a short PUCCH overlap with a PUSCH with the same starting symbol but different ending symbol, short PUCCH is piggybacked on PUSCH.
Proposal 3: When a short PUCCH overlap with a PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in short PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and short PUCCH. 
Proposal 4: For NR PUCCH format 0, 1, 3 & 4, symbol-level base sequence hopping is not supported.  
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