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1 Introduction
In RAN1 #91 meeting [1], the following agreements were made for PUCCH sequence hopping:
Agreements:

· 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
Agreements:

· For PUCCH format 0 & PUCCH format 1, symbol-level cyclic shift hopping as in LTE is reused
· FFS details especially regarding symbol indexing and slot indexing considering the difference between NR and LTE
· Symbol-level cyclic shift hopping is a function at least based on a configurable ID

· Note that: the configurable ID is already agreed for PUCCH base sequence hopping

This contribution discusses the remaining issues on interference randomization for PUCCH and some text correction proposals of sequence and cyclic shift hopping.
2 Discussion 
Group and sequence hopping
As agreed in last RAN1 meeting, the group and sequence hopping for PUCCH reused LTE mechanism. The details are described in TS 38.211[2] as the following:
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For case of group hopping enabled and not sequence hopping, the group hopping pattern is
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, but the initialization of pseudo-random sequence 
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is not defined yet. Similar as LTE, it could be initialized as 
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, where the 
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is configured by higher layers.
Proposal 1: If  group hopping enabled and not sequence hopping, the used pseudo-random sequence 
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is configured by higher layer.

For case of sequence hopping but not group hopping,  the sequence number is 
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 is not defined yet, so it could be initialized similar to LTE as 
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, where the 
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is configured by higher layer. 
Proposal 2: If sequence hopping but not group hopping shall be used, the used pseudo-random sequence 
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, where the 
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is configured by higher layers.
Another remaining issue is the slot indexing under different numerologies configuration of multiple adjacent cells in NR. When different numerologies are configured, then the slot/symbol duration will be different. If slot index based hopping pattern reused and it starts from 0 to ending index in a given time period, i.e., a 10ms frame duration, for 15KHz SCS, the index is from 0 to 9 in a 10ms frame, for 30KHz SCS, the index will be from 0 to 19 in a 10ms frame, an example is shown in Figure 1. In such definition, the assigned base sequence of 15KHz SCS and 30KHz SCS may be collided at the same time duration, as a result, it may bring potential performance degradation. 
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Figure 1: Using slot index for group and sequence hopping
Alternatively, a desirable method is to define a aligned duration index for different numerologies such as using sub-frame index as shown in figure 2. Then the sub-frame index will be from 0 to 9 within a 10ms frame since for different numerologies, the sub-frame has the same time duration.

When using sub-frame indexing for hopping, the sequence hopping is conducting in different sub-frames instead of slot level hopping for large numerologies. This is a degradation for the effect of interference randomization since there are multiple consecutive slots using the same sequence for SCS larger than 15KHz. Although this method has mentioned drawback, it is better than introducing interference from neighboring cell with small numerology, taking into account small numerology is deployed more popularly to achieve wide coverage. So the base sequence should be hopped per sub-frame basis, which is applied to PUCCH and UL DMRS sequence.
Proposal 3: The base sequence should be hopped per sub-frame basis. 

A text proposal for this changing is provided in the Appendix.
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Figure 2: Using sub-frame index for group and sequence hopping
The cyclic shift hopping is also supported for interference randomization as a function based on slot and symbol index, the issue that different symbol/slot duration according to different numerology could also lead to the collision of the same assigned cyclic shift index at the same time. However, if using sub-frame indexing for base sequence hopping to ensure different base sequence are assigned in different neighboring cells at the same fixed time unit (1ms), the slot indexing and symbol indexing could be used for cyclic shift hopping since the base sequences are not collided with adjacent cells. Since the symbol level randomization is supported by cyclic shift hopping, the symbol-level base sequence hopping is not necessary. 
Proposal 4: The symbol-level group and sequence hopping is not supported.
Proposal 5: If sub-frame based hopping pattern is supported for group and sequence hopping, then symbol indexing and slot indexing can be used for cyclic shift hopping.
Cyclic shift hopping

The cyclic shift hopping function is shown in TS38.211[2] as the following : 
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For a UE transmitting HARQ-ACK using PUCCH format 0, the 
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 is given in TS38.213[3] as the following:
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It can be found there is an error here that for PUCCH format 0  the cyclic shift 
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is derived as:
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There are two initial cyclic shift indexes 
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 for sum in the function which is not aligned with the following agreement. It should remove one initial cyclic shift index 
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 from the equation to keep only one 
[image: image26.wmf]0

m

 existing.
A text proposal revising this error for TS 38.211 is provided in the Appendix.
Agreements:

· The mapping of ACK and NACK to cyclic shifts is based on the index of initial cyclic shift and a fixed mapping pattern as given in Table 1 and Table 2 below corresponding to 1 and 2 bits HARQ-ACK, respectively.  

Table 1: Mapping pattern for 1-bit HARQ-ACK

	HARQ-ACK
	NACK
	ACK

	Cyclic shift
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Table 2: Mapping pattern for 2-bit HARQ-ACK

	HARQ-ACK
	NACK, NACK
	NACK, ACK
	ACK, ACK
	ACK, NACK

	Cyclic shift
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3 Conclusions
In this contribution we mainly discuss open issues on interference randomization for PUCCH.

 We have the following proposals, while some detailed text proposals are provided in the Appendix A.
Proposal 1: If  group hopping enabled and not sequence hopping, the used pseudo-random sequence 
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is configured by higher layer.

Proposal 2: If sequence hopping but not group hopping shall be used, the used pseudo-random sequence 
[image: image36.wmf])

(

i

c

 is  initialized as 
[image: image37.wmf]30

mod

2

30

5

ID

init

ID

n

n

c

+

×

ú

ú

û

ú

ê

ê

ë

ê

=
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is configured by higher layers.

Proposal 3: The base sequence should be hopped per sub-frame basis. 

Proposal 4: The symbol-level group and sequence hopping is not supported.
Proposal 5: If sub-frame based hopping pattern is supported for group and sequence hopping, then symbol indexing and slot indexing can be used for cyclic shift hopping.
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5 Appendix 
5.1 Text proposal for sequence hopping and cyclic shift hopping in TS38.211V15.0.0
------------------------------------------------------ start text proposal -----------------------------------------------------------
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 
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where 
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 is the slot number in the radio frame and the subcarrier spacing configuration 
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,  where the pseudo-random sequence 
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 is defined by clause 5.2.1 and where 
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 is given by [5, TS 38.213]. The pseudo-random sequence generator shall be initialized with 
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 at the beginning of each radio frame.
-
if sequence hopping but not group hopping shall be used
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where 
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 is the slot number in the radio frame and the subcarrier spacing configuration 
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 is given by [5, TS 38.213]. The pseudo-random sequence generator shall be initialized with 
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 at the beginning of each radio frame.
6.3.2.2.2
Cyclic shift hopping
The cyclic shift 
[image: image57.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 
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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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 for PUCCH format 0 when it depends on the information to be transmitted according to [clause 9.2 of 5, TS 38.213].
------------------------------------------------------ end text proposal -----------------------------------------------------------
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The cyclic shift � EMBED Equation.3 ��� varies as a function of the symbol and slot number according to


� EMBED Equation.3 ���


where


-	� EMBED Equation.3 ���is the slot number in the radio frame


-	� EMBED Equation.3 ��� is the OFDM symbol number in the PUCCH transmission where � EMBED Equation.3 ��� corresponds to the first OFDM symbol of the PUCCH transmission,


-	� EMBED Equation.3 ��� 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]


-	� EMBED Equation.3  ��� is given by [5, TS 38.213]


-	� EMBED Equation.3  ��� except for PUCCH format 0 when it depends on the information to be transmitted according to [clause 9.2 of 5, TS 38.213].





The sequence group � EMBED Equation.3  ��� and the sequence number � EMBED Equation.3  ��� within the group depends on the hopping mode:


-	if neither group, nor sequence hopping shall be used


� EMBED Equation.3  ���


	where � EMBED Equation.3 ��� is given by [5, TS 38.213].


-	if group hopping but not sequence hopping shall be used 


� EMBED Equation.3  ���


	where the pseudo-random sequence � EMBED Equation.3  ��� is defined by clause 5.2.1 and where � EMBED Equation.3 ��� is given by [5, TS 38.213].


-	if sequence hopping but not group hopping shall be used


� EMBED Equation.3  ���


	where the pseudo-random sequence � EMBED Equation.3  ��� is defined by clause 5.2.1 where � EMBED Equation.3 ��� is given by [5, TS 38.213].








If a UE transmits HARQ-ACK using PUCCH format 0, the UE determines a value � EMBED Equation.3 ��� for computing a value of cyclic shift � EMBED Equation.3 ��� [4, TS 38.211] as � EMBED Equation.3 ��� where � EMBED Equation.3 ���is provided by higher layer parameter PUCCH-F0-F1-initial-cyclic-shift of PUCCH-F0-resource-config, and � EMBED Equation.3 ��� 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’. 





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


HARQ-ACK Value�
0�
1�
�
Sequence cyclic shift�
� EMBED Equation.3 ����
� EMBED Equation.3 ����
�



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�
� EMBED Equation.3 ����
� EMBED Equation.3 ����
� EMBED Equation.3 ����
� EMBED Equation.3 ����
�
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