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Introduction
In the RAN1 AH_1801 and #91meeting, the following agreements on NR short PUCCH were reached [1].
	Agreements:
· For parameter SR-offset, the SR offset is measured in slots for a given numerology.
· For an SR-periodicity of maximum one slot duration for a given numerology, UE expects that the SR-offset is always 0 (slots)
· For an SR-periodicity of more than one slot duration for a given numerology, the SR-offset is configured by RRC to be a non-negative value less than SR-periodicity.
· For an SR-periodicity of maximum one slot duration for a given numerology, the starting symbol index for the SR transmission occasion on PUCCH within an SR period is determined by

where startingSymbolIndex is obtained from the PUCCH resource configuration in the corresponding SR-resource.
· Note: For an SR-periodicity of more than one slot duration for a given numerology, the starting symbol index for the SR transmission occasion on PUCCH within a slot is determined by startingSymbolIndex from the PUCCH resource configuration in the corresponding SR-resource.
Agreements:
· When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.
· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.
· Note: when two transmissions coincide, it means they have same starting symbol and duration.
· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time


In this contribution, we present our views on several remaining issues for short PUCCH. 
Text Proposals for TS 38.211 and TS 38.213
Base sequences hopping
As analyzed in [2], base sequence hopping should be supported in a granularity of each hop for PUCCH 0/1/3/4. The corresponding text proposal for Section 6.3.2.2.1 of 38.211(R1-1801291 CR 38.211r2 after AH1801) is given.
-------------------------------------------Text Proposal for 6.3.2.2.1 in TS 38.211-------------------------
	

The sequence group  and the sequence number  within the group depends on the higher-layer parameter PUCCH-GroupHopping:
[bookmark: OLE_LINK17]-	-	if PUCCH-GroupHopping equals ‘neither’



	where  is given by [5, TS 38.213].
-	if PUCCH-GroupHopping equals ‘enabled’ 







	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by [5, TS 38.213].WhereN is equal to the number of base sequences that need to be determined for all PUCCHs that are one UE in a slot.is the index of the first symbol within each hop in the slot.
-	if PUCCH-GroupHopping equals ‘disabled’





	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by [5, TS 38.213].


Proposal 1: Hop-level base sequence hopping should be supported in NR.
· 
The base sequence is calculated for each hop according to parameterand N, by following equations,          

                                            (Eq.1)

(Eq.2)

Where  is the index of the first symbol within each hop in the slot and parameter and N is equal to the number of base sequences that need to be determined for all PUCCHs that are one UE in a slot.
UE procedure for reporting of SR
The unit of SR periodicity in TS 38.213 [3] is not aligned with that in TS 38.331 [4]. In TS 38.213, SR periodicity is always in number of symbols. In TS 38.331, SR periodicity is in number of slots when SR periodicity is larger than or equal to one slot, and SR periodicity is in number of symbols when SR periodicity is less than one slot. For the convenience of understanding and describing SR periodicity, we propose that the units of SR periodicity in TS 38.331 are adopted.
Proposal 2: SR periodicity should be in number of slots for SR periodicity larger than or equal to one slot, SR periodicity should be in number of symbols for SR periodicity less than one slot.
[bookmark: OLE_LINK1]In the last meeting, SR configuration (especially SR periodicity and SR offset) have been discussed and reached a conclusion. One remaining issue is the starting position of the first SR periodicity. Specifically, it is about how a UE determine the uplink slots used as SR transmission occasions or the starting uplink symbols of SR transmission occasions within a slot according to SR configuration. One simple way is that the starting position of the first SR periodicity aligns with that of the System Frame Number 0 (SFN 0) as LTE like. For example,


If  is larger than one slot, SR transmission occasions are the uplink slots satisfying.


If  is one slot, the UE expects that =0 and every uplink slot is a SR transmission occasion in a PUCCH.


If  is smaller than one slot, the starting uplink symbol in a slot for a SR transmission occasion satisfies.




whereis a subcarrier spacing configuration,  is a system frame number, is a slot number within a system frame,  is a symbol number within a slot.
Proposal 3:UE should determine the uplink slots used as SR transmission occasions or the starting uplink symbols of SR transmission occasions within a slot as following: 
· 

If  is larger than one slot, SR transmission occasions are the uplink slots satisfying.
· 

If  is one slot, the UE expects that =0 and every uplink slot is a SR transmission occasion in a PUCCH.
· 

If  is smaller than one slot, The starting uplink symbol in a slot for a SR transmission occasion satisfies. 




whereis a subcarrier spacing configuration,  is a system frame number, is a slot number within a system frame,  is a symbol number within a slot.
Discussion on partial overlap of HARQ-ACK and SR
In the RAN1#AH_1801 meeting, partial overlapping of SR and HARQ-ACK was discussed and summarized in [5], which is recommended to use as a base line for further discussion in this meeting. Based on Alt 1 proposed in the summary, we categorize the partial overlapping issue into the following four cases:
· Case 1: A/N with PUCCH Format 2/3/4 and SR with PUCCH Format 0/1
· Case 2: A/N with PUCCH Format 0 and SR with PUCCH Format 0/1
· Case 3: A/N with PUCCH Format 1 and SR with PUCCH Format 0.
· Case 4: A/N with PUCCH Format 1 and SR with PUCCH Format 1. 
Case 1: A/N with PUCCH Format 2/3/4 and SR with PUCCH Format 0/1
For this case, we are generally supportive of Alt 1 in [5] copied as below. This also aligns with the case that SR and A/N have the same starting and ending points.
· Alt 1: The PUCCH resource for transmission of A/N and SR is the A/N PUCCH resource. 1 bit is appended to A/N for SR (0 if SR negative, 1 if SR positive). 
But, the following two cases as shown in Figure 1 need to be clarified: 
· Case 1-a: If multiple SR occasions of one SR configuration partially overlap with one A/N transmission, only one bit is appended to A/N for SR. Because even a new data arrives between two SR occasions, there would be no enough time for a UE to append another bit for the later SR occasion. That is a negative SR is expected for the later SR occasion in this case. 
· Case 1-b: If multiple A/N transmissions partially overlap with one SR occasions, one bit for SR is only appended to the first A/N transmission occasion. 
[image: ]
Figure 1. Multiple SR partially overlaps with one A/N or multiple A/N partially overlaps with one SR
Proposal 4: In case of partial overlap between A/N with PUCCH Format 2/3/4 and SR with PUCCH Format 0/1, the PUCCH resource for transmission of A/N/SR is the A/N PUCCH resource. 1 bit is appended to A/N for SR (0 if SR negative, 1 if SR positive).  
· If multiple SR occasions of one SR configuration partially overlap with one A/N transmission, only one bit is appended to A/N for SR. 
· If multiple A/N transmissions partially overlap with one SR occasions, one bit for SR is only appended to the first A/N transmission occasion. 
Case 2: A/N with PUCCH Format 0 and SR with PUCCH Format 0/1
[bookmark: OLE_LINK5]In this case, the following alternative was proposed in [5]. However, it needs to reserve the CS for positive SR for all A/N symbols. Thus, it increases PUCCH resource overhead on the non-overlapping symbol and also deteriorates the performance for A/N due to additional hypotheses. Another issue caused is different SR states would be transmitted on different A/N symbols if the data arrives during the non-overlapping A/N symbols. An example is shown in Figure 2a. 
· Alt 1: The PUCCH resource for transmission of A/N and SR is the AN PUCCH resource. If SR is negative, the CS of A/N is used. If SR is positive, the CS of AN incremented by one is used.
[image: ]
[bookmark: OLE_LINK4]Figure 2. A/N with PUCCH Format 0 and SR with PUCCH Format 0
To tackle above issues, the CS of A/N incremented by one should be only used on the non-overlapping A/N symbols. Regarding to the non-overlapping SR symbols, it could be still transmitted if SR is in PUCCH Format 0 (no time domain OCC), or it could be dropped if SR is in PUCCH Format 1 (but there is a time domain OCC which may cause collision if SR is dropped). 
[image: ]
Figure 2b. A/N with PUCCH Format 0 and SR with PUCCH Format 1
[bookmark: _GoBack]However, another case is shown in Figure 2b. When A/N is PUCCH format 0 and SR is PUCCH format 1, A/N and SR use SR PUCCH resources in overlapping symbols, and, the sequence for SR is transmitted in non-overlapping SR symbols. Thus, OCC conflicts can be avoided. On the non-overlapping A/N symbol, the sequence for A/N is transmitted. 
Therefore, we propose that, 
[bookmark: OLE_LINK11][bookmark: OLE_LINK8][bookmark: OLE_LINK7]Proposal 5: In case of partial overlap between A/N with PUCCH Format 0 and SR with PUCCH Format 0, 
· On the overlapping symbols: The PUCCH resource for transmission of A/N and SR is the A/N PUCCH resource. If SR is negative, the CS of A/N is used. If SR is positive, the CS of AN incremented by one is used.
· On the non-overlapping A/N symbol: The PUCCH resource for transmission of A/N is the A/N PUCCH resource. 
· On the non-overlapping SR symbols: For SR with PUCCH Format 0, the PUCCH resource for transmission of SR is the SR PUCCH resource, and the CS for SR is transmitted.
[bookmark: OLE_LINK12]Proposal 6: In case of partial overlap between A/N with PUCCH Format 0 and SR with PUCCH Format 1, 
· [bookmark: OLE_LINK9]On the overlapping symbols: If SR is negative, the CS of A/N is used in the A/N PUCCH resource. If SR is positive, the CS of AN+SR is used in the SR PUCCH resource.
· On the non-overlapping A/N symbol: The PUCCH resource for transmission of A/N is the A/N PUCCH resource. 
· [bookmark: OLE_LINK10]On the non-overlapping SR symbols: The PUCCH resource for transmission of SR is the SR PUCCH resource, and the CS for SR is transmitted.
Case 3: A/N with PUCCH Format 1 and SR with PUCCH Format 0.
Regarding to this case, the following alternatives were given in the summary.
· Alt1: Drop SR and transmit only A/N
· Alt 2: The PUCCH resource for transmission of A/N and SR is the A/N PUCCH resource. If SR is negative, the CS of A/N is used for all symbols. If SR is positive, for the overlapping symbols, the CS of A/N of the UCI/DMRS is incremented by one.
Given SR is to be transmitted in a short PUCCH, it is most probably used for triggering of URLLC traffic. That is SR should be prioritized in this case. Thus, Alt 1 is not desirable. On the contrary, we propose to drop A/N transmission. To reduce the impact on A/N, only the hop contains overlapping symbols is dropped. 
In general, we are fine with the principles proposed in Alt 2, which needs to reserve a CS resource if SR is positive. Alternatively, if SR is positive, the CS of SR can be transmitted on the overlapping symbols using A/N PUCCH resource. Then, for a given UE, eNB should guarantee the CS configured for SR is different from the CS for A/N. Since it could be fully controlled by eNB, we slightly prefer to go in this way.    
Proposal 7: In case of partial overlap between A/N with PUCCH Format 1 and SR with PUCCH Format 0, RAN 1 down-select between the following two alternatives: 
· Alt 1. SR is prioritized. For A/N transmission, the hop contains overlapping symbols is dropped.
· Alt 2. The PUCCH resource for transmission of A/N and SR is the A/N PUCCH resource. If SR is negative, the CS of A/N is used for all symbols. If SR is positive, for the overlapping symbols, the CS of SR is used.
Case 4: A/N with PUCCH Format 1 and SR with PUCCH Format 1. 
The following alternatives are given in the summary. The general rule is to drop SR under certain conditions.
· Alt 1: Same as LTE if SR and A/N have same starting and ending points. Otherwise drop SR.
· Alt2: Same as LTE if UE processing time for A/N is guaranteed. Otherwise drop SR
One possible prioritization for above two alternatives is to only drop the hop that containing overlapping symbols for SR, and the hop without a collision could still be transmitted for SR. This can decrease the influence on SR. Therefore, we propose that, 
Proposal 8: In case of partial overlap between A/N with PUCCH Format 1 and SR with PUCCH Format 1
· For SR transmission, a UE shall drop the hop that containing overlapping symbols, and the hop without a collision could still be transmitted for SR.
Conclusion
In this contribution, several issues related to short PUCCH are presented. They are in TS 38.211 and TS 38.213. In summary, the following proposals are given.  
Proposal 1: Hop-level base sequence hopping should be supported in NR.
· 
The base sequence is calculated for each hop according to parameterand N, by following equations,          

      (Eq.1)

(Eq.2)

Where  is the index of the first symbol within each hop in the slot and parameterand N is equal to the number of base sequences that need to be determined for all PUCCHs that are one UE in a slot.
Proposal 2: SR periodicity should be in number of slots for SR periodicity larger than or equal to one slot, SR periodicity should be in number of symbols for SR periodicity less than one slot.
Proposal 3: UE should determine the uplink slots used as SR transmission occasions or the starting uplink symbols of SR transmission occasions within a slot as following: 
· 

If  is larger than one slot, SR transmission occasions are the uplink slots satisfying.
· 

If  is one slot, the UE expects that =0 and every uplink slot is a SR transmission occasion in a PUCCH.
· 

If  is smaller than one slot, The starting uplink symbol in a slot for a SR transmission occasion satisfies. 




whereis a subcarrier spacing configuration,  is a system frame number, is a slot number within a system frame,  is a symbol number within a slot.
Proposal 4: In case of partial overlap between A/N with PUCCH Format 2/3/4 and SR with PUCCH Format 0/1, the PUCCH resource for transmission of A/N/SR is the A/N PUCCH resource. 1 bit is appended to A/N for SR (0 if SR negative, 1 if SR positive).  
· If multiple SR occasions of one SR configuration partially overlap with one A/N transmission, only one bit is appended to A/N for SR. 
· If multiple A/N transmissions partially overlap with one SR occasions, one bit for SR is only appended to the first A/N transmission occasion. 
Proposal 5: In case of partial overlap between A/N with PUCCH Format 0 and SR with PUCCH Format 0, 
· On the overlapping symbols: The PUCCH resource for transmission of A/N and SR is the A/N PUCCH resource. If SR is negative, the CS of A/N is used. If SR is positive, the CS of AN incremented by one is used.
· On the non-overlapping A/N symbol: The PUCCH resource for transmission of A/N is the A/N PUCCH resource. 
· On the non-overlapping SR symbols: For SR with PUCCH Format 0, the PUCCH resource for transmission of SR is the SR PUCCH resource, and the CS for SR is transmitted.
Proposal 6: In case of partial overlap between A/N with PUCCH Format 0 and SR with PUCCH Format 1, 
· On the overlapping symbols: If SR is negative, the CS of A/N is used in the A/N PUCCH resource. If SR is positive, the CS of AN+SR is used in the SR PUCCH resource.
· On the non-overlapping A/N symbol: The PUCCH resource for transmission of A/N is the A/N PUCCH resource. 
· On the non-overlapping SR symbols: The PUCCH resource for transmission of SR is the SR PUCCH resource, and the CS for SR is transmitted.
Proposal 7: In case of partial overlap between A/N with PUCCH Format 1 and SR with PUCCH Format 0, RAN 1 down-select between the following two alternatives: 
· Alt 1. SR is prioritized. For A/N transmission, the hop contains overlapping symbols is dropped.
· Alt 2. The PUCCH resource for transmission of A/N and SR is the A/N PUCCH resource. If SR is negative, the CS of A/N is used for all symbols. If SR is positive, for the overlapping symbols, the CS of SR is used. 
Proposal 8: In case of partial overlap between A/N with PUCCH Format 1 and SR with PUCCH Format 1
· For SR transmission, a UE shall drop the hop that containing overlapping symbols, and the hop without a collision could still be transmitted for SR.
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