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1 Introduction 
In the RAN1#91 meeting, the SRS session reached the following agreement on sequence-group and sequence hopping:
· 30 sequence groups with 1 or 2 root-sequences per group

· If group hopping is enabled, sequence hopping ON = 0

· If sequence hopping is enabled, group hopping is disabled.  
The above agreement is reflected for PUCCH sequence-group and sequence hopping as well in Clause 6.3.2.2.1 of TS 38.211 [1]. In addition, the following was agreed on slot-level base sequence hopping for PUCCH:
· 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.
The specifications on sequence-group and sequence hopping for PUCCH in TS 38.211 Clause 6.3.2.2.1 are yet to be completed. Corresponding RRC parameters and conditions to apply the respective hopping modes should be further specified. This contribution discusses the open issues and proposes remaining technical details to complete the specifications.
2 Group and sequence hopping
TS 38.211 clause 6.3.2.2.1 specifies group and sequence hopping as captured below. Most of the equations reuse the ones in LTE specs as much as possible. One difference from LTE is that RRC parameters to enable/disable the group and sequence hopping are separately defined for SRS, PUSCH and PUCCH in NR, unlike cell specific RRC parameters, Group-hopping-enabled and Sequence-hopping-enabled, enable/disable sequence-group hopping and sequence hopping, respectively, for all the UL physical channels and signals.
=== Start of a capture from 38.211 v15.0.0 ===

6.3.2.2.1
Group and sequence hopping
The sequence group 
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 within the group depends on the hopping mode:

-
if neither group, nor sequence hopping shall be used
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where 
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 is given by [5, TS 38.213].
-
if group hopping but not sequence hopping shall be used 

[image: image5.wmf](

)

0

30

mod

30

mod

8

2

ID

ss

7

0

s

gh

=

=

÷

ø

ö

ç

è

æ

+

=

å

=

v

n

f

m

n

c

f

m

m



where the pseudo-random sequence 
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 is defined by clause 5.2.1 and where 
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-
if sequence hopping but not group hopping shall be used
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where the pseudo-random sequence 
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=== End of a capture from 38.211 v15.0.0 ===
The above clause in 38.211 should further include specifications on how each of the hopping modes is enabled or disabled and how the random sequence 
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shall be initialized. This is somewhat because no detailed agreement has been reached in RAN1, other than reusing slot-level base sequence hopping as in LTE. The NR RRC parameter list sent to RAN2 [4] includes the following two parameters regarding sequence hopping for PUCCH formats 0 and 1. However, the parameters are not referenced in any RAN1 specification and RRC parameters for PUCCH formats 3 and 4 are not defined.
	Parameter name
	Parent IE
	Spec
	Section
	Description
	Value range

	PUCCH-F0-Base-sequence-hopping
	SIB1
	38.211
	6.4.1.3
	Enabling hopping of base sequence of PUCCH Format 0 when transmitted in different slots
	ON, OFF

	PUCCH-F1-Base-sequence-hopping
	SIB1
	38.211
	6.4.1.3
	Enabling hopping of base sequence of PUCCH Format 1 when transmitted in different slots
	ON, OFF


When considering the RAN1#91 agreement to re-use the PUCCH hopping in LTE, it seems reasonable and simpler to define a single RRC parameter to enable/disable the group hopping for all the PUCCH formats as in LTE, unlike separately defined for each PUCCH format as shown in the table above.  No strong technical need has been identified to apply the group hopping differently for each of the respective PUCCH formats. In addition, initialization of the pseudo-random sequence generator for group hopping can reuse the LTE formulation as it is. 
It is noted that sequence hopping, that is, slot-level shuffling of base sequence within a group, can be only supported by PUCCH format 3 for DMRS of the sequence length 
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. This case may need additional handling compared to the other PUCCH formats and PUCCH bandwidth, as both group and sequence hoppings are feasible. The enable/disable of group and sequence hopping for this case will be discussed subsequently. 
Based on the discussion above, remaining details on group hopping for PUCCH is proposed as follows, in the direction to reuse the group hopping for LTE PUCCH as much as possible. 
Proposal 1: Group hopping
· A single RRC parameter configures enable/disable of group hopping for all the PUCCH formats.

· Pseudo-random sequence generator for group hopping is initialized with. 
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In LTE, sequence hopping for PUCCH has been introduced in Rel-14 for LTE PUCCH format 4 as captured below. This became possible because the transmission with 6 or more PRBs can occur for the PUCCH format 4 and each sequence group contain two base sequences. For the other cases of less than 6 PRBs, the sequence hopping cannot be supported because only a single base sequence is included in each group. 
=== Start of a capture from LTE spec 36.211 v14.5.0 ===

5.5.1.4 Sequence hopping

Sequence hopping only applies for reference-signals of length 
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For PUSCH or PUCCH format 4 transmission with ≥ 6 RBs, the pseudo-random sequence generator shall be initialized with   at the beginning of each radio frame where   is given by clause 5.5.1.5.
…

=== End of a capture from LTE spec 36.211 v14.5.0 ===

In the RRC parameter list [4] sent to RAN2, the parameters to enable group hopping and sequence hopping are not clearly defined on how to configure and support the two hopping modes for PUCCH. In this regard, it seems that an RRC parameter to enable/disable the sequence hopping for DMRS of NR PUCCH format 3 should be newly defined. The RRC parameter can be also shared with PUSCH as well.  In order to enable the sequence hopping only and disable the group hopping when the sequence hopping is enabled, the configuration of the group hopping can be overridden when the sequence hopping is enable and applied for the corresponding transmission of the PUCCH format 3. However, in case that transmission of PUCCH format 3 occurs with less than 6 PRBs and the group hopping is enabled by the configuration, group hopping can be applied for DMRS of the corresponding PUCCH transmission. 
As for the case of group hopping, initialization of the pseudo-random sequence generator for sequence hopping can reuse the LTE formulation of the sequence hopping for LTE PUCCH format 4 as it is or with a slight modification to remove an unnecessary scaling as proposed in the last sub-bullet below.
Proposal 2: Sequence hopping
· Sequence hopping only applies for DMRS of PUCCH format 3 for cases of length 
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· An RRC parameter to configure enable/disable of sequence hopping for DMRS of PUCCH format 3 is defined.

· When sequence hopping is enabled, group hopping is disabled for the corresponding transmission of PUCCH format 3. 
· Pseudo-random sequence generator for sequence hopping is initialized with 
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· FFS: to employ the same 
[image: image17.wmf]init

c

 formulation as in LTE, which is 
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3 Conclusion 

This contribution has discussed open issues regarding sequence-group hopping and sequence hopping for PUCCH. In the direction to re-use LTE PUCCH hopping as agreed in the last meeting, we propose as follows to decide on the remaining details and complete the specifications on the group and sequence hopping for PUCCH.
Proposal 1: Group hopping
· A single RRC parameter configures enable/disable of group hopping for all the PUCCH formats.
· Pseudo-random sequence generator for group hopping is initialized with. 
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Proposal 2: Sequence hopping
· Sequence hopping only applies for DMRS of PUCCH format 3 for cases of length 
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· An RRC parameter to configure enable/disable of sequence hopping for DMRS of PUCCH format 3 is defined.
· When sequence hopping is enabled, group hopping is disabled for the corresponding transmission of PUCCH format 3. 

· Pseudo-random sequence generator for sequence hopping is initialized with 
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· FFS: to employ the same 
[image: image22.wmf]init

c

 formulation as in LTE, which is 
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