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1 Introduction 
In this contribution, we discuss inconsistency in the specifications on cyclic shift hopping in PUCCH in TS 38.211 [1] and TS 38.213 [2]. The discrepancy arises in case of PUCCH format 0, for which an additional cyclic shift offset is applied as a function of a HARQ-ACK value to be carried by the corresponding PUCCH. We provide draft text proposals for corrections in TS 38.211 and 38.213.
2 Cyclic shift hopping for PUCCH format 0
Cyclic shift hopping for PUCCH is specified in TS 38.211 and 38.213. The formulation specified in TS 38.211, captured below, is applicable to all the PUCCH formats. The cyclic shift parameter [image: image1.wmf]0

m

 can be indicated by the ARI field in DCI to select a cyclic shift index among the candidate indexes in the RRC resource set(s) configured to the UE. In case of PUCCH format 0, the [image: image2.wmf]0
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 is added additionally by a cyclic shift offset, 
[image: image3.wmf]cs
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, which is determined by the HARQ-ACK value carried by the corresponding PUCCH transmission, as shown in the 38.211 spec captured below.
=== Start of a capture from 38.211 v15.0.0 ===

6.3.2.2.1
Cyclic shift hopping
The cyclic shift [image: image4.wmf]a

 varies as a function of the symbol and slot number according to
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where

-
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is the slot number in the radio frame
-
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 is the OFDM symbol number in the PUCCH transmission where [image: image8.wmf]0
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 corresponds to the first OFDM symbol of the PUCCH transmission,
-
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 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]
-
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 is given by [5, TS 38.213]
-
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 except for PUCCH format 0 when it depends on the information to be transmitted according to [clause 9.2 of 5, TS 38.213].
=== End of a capture from 38.211 v15.0.0 ===
However, the definition of 
[image: image12.wmf]cs
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 is inconsistent between TS 38.211 and TS 38.213, and this results that the cyclic shift value obtained from the above equation in TS 38.211 is incorrect in case of PUCCH format 0. This is because the initial cyclic shift index [image: image13.wmf]0
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 is duplicated in the above 38.211 equation and in the definition of 
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 in TS 38.213 as quoted below:
 === Start of a capture from 38.213 v15.0.0 ===

9.2.3 
UE procedure for reporting HARQ-ACK

 If a UE transmits HARQ-ACK using PUCCH format 0, the UE determines a value 
[image: image15.wmf]CS
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 for computing a value of cyclic shift 
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 [4, TS 38.211] as 
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 where 
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is provided by higher layer parameter PUCCH-F0-F1-initial-cyclic-shift of PUCCH-F0-resource-config, and 
[image: image19.wmf]m

 is determined from the value of one HARQ-ACK bit or from the values of two HARQ-ACK bits as in Table 9.2.1-3 and Table 9.2.1-4, respectively, where a NACK value is mapped to '0' and an ACK value is mapped to '1'. 

=== End of a capture from 38.211 v15.0.0 ===
In addition to the above issue, assignment of the initial cyclic shift index for PUCCH formats 3 and 4 is not clearly specified in the specs. In the next section, we provide draft text proposals to align and complete the specifications on the cyclic shift assignment for TS 38.211 and 38.213.
3 Draft text proposal for 38.211 and 38.213
As agreed in the RAN1#91 meeting, the index of initial cyclic shift index for DMRS for PUCCH format 3 is 0 and the index of initial cyclic shift for DMRS for PUCCH format 4 can be 0, 3, 6, 9 which is determined by the index of pre-DFT OCC. 
In the draft text proposals provided below, configuration of [image: image20.wmf]0
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 is explicitly specified in 38.211 and only 
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m

 is determined in 38.213. In doing so, the definition of 
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 given in 38.213 is revised to not include [image: image23.wmf]0
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, and the value of 
[image: image24.wmf]cs
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 is directly determined from the HARQ-ACK value to be carried by the corresponding PUCCH transmission, without introducing the variable 
[image: image25.wmf]m

. For 38.213, text proposals for clause 9.2.3, the case of reporting HARQ-ACK only, are provided below, and clause 9.2.5.1, the case of multiplexing HARQ-ACK and SR, can be revised similarly.
=== Start of text proposal for 38.211 ===

6.3.2.2.1
Cyclic shift hopping
The cyclic shift [image: image26.wmf]a

 varies as a function of the symbol and slot number according to
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where

-
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n

is the slot number in the radio frame
-
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 is the OFDM symbol number in the PUCCH transmission where [image: image30.wmf]0
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 corresponds to the first OFDM symbol of the PUCCH transmission,
-
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 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]
-
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 is given by higher layer parameters PUCCH-F0-F1-initial-cyclic-shift of PUCCH-F0-resource-config in cases of PUCCH formats 0 and 1. In case of PUCCH format 3, [image: image33.wmf]0
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 is set to 0, and in case of PUCCH format 4, is set to 0, 3, 6, 9 for the respective values 0, 1, 2, 3 of higher layer parameter PUCCH-F4-preDFT-OCC-index. 
-
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 except for PUCCH format 0 when it depends on the information to be transmitted according to [clause 9.2 of 5, TS 38.213].
=== End of text proposal for 38.211 ===

=== Start of text proposal for 38.213 ===

9.2.3 
UE procedure for reporting HARQ-ACK

 If a UE transmits HARQ-ACK using PUCCH format 0, the UE determines a value 
[image: image35.wmf]CS
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 for computing a value of cyclic shift 
[image: image36.wmf]a

 [4, TS 38.211] 


from the value of one HARQ-ACK bit or from the values of two HARQ-ACK bits as in Table 9.2.1-3 and Table 9.2.1-4, respectively, where a NACK value is mapped to '0' and an ACK value is mapped to '1'. 

Table 9.2.1-3: Mapping of values for one HARQ-ACK bit to sequences

	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
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Table 9.2.1-4: Mapping of values for two HARQ-ACK bits to sequences

	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
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=== End of text proposal for 38.213 ===

4 Conclusion

This contribution has discussed and addressed inconsistency in the NR specifications on cyclic shift hopping in PUCCH in TS 38.211 and 38.213. Draft text proposals provided in Section 3 can be taken to resolve the discrepancy in the specs.
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