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1. Discussion
1.1. Group assignment
At RAN1#51bis, the principles for the group assignment for uplink reference signals, including the support for group hopping, were agreed upon based on contribution [1].
The group sequence, defining what group to use in a cell in a given slot, is the modulo 30 sum of 

· One out of 17 available Root Hopping Patterns (RHP) ranging from RHP0 to RHP16
· One out of 30 Sequence Shifts (SS), ranging from SS0 = 0 to SS29 = 29

Within one cell, the same RHP/SS combination (RHPPUCCH/SSPUCCH) is used for PUCCH and SRS. RHPPUCCH/SSPUCCH is given by the Cell ID. Exactly how this is to be done is not given in [1]. It is proposed that 

· RHPPUCCH = floor(NID(1)/10) if “hopping” enabled, otherwise RHPPUCCH = 0.

· SSPUCCH = (NID(1)  mod 10)×3 + NID(2)
where NID(1) is the cell-identity group and  NID(2) is the cell identity within the cell-identity group. 
Furthermore, also within one cell RHPPUSCH = RHPPUCCH. However, it should be possible to have SSPUSCH  ( SSPUCCH within a cell. The reason is that it should be possible to have two cells with the same RHPPUCCH/PUSCH, different SSPUCCH, but the same SSPUSCH and have the PUSCH RS of the two cells being distinguished by different cyclic shifts. 
Current assumption is that the difference between SSPUSCH and SSPUCCH is explicitly broadcast (5 bits of broadcast signaling). From this difference, and knowledge of SSPUCCH (given by the cell ID) SSPUSCH, can be derived.

This allows for full flexibility in the assignment of SSPUSCH. However, in practice, there are only two cases:
· There is a desire to have the same SSPUSCH in two cells despite the fact SSPUSCH is different in the cells.
· There is no desire to have the  same SSPUSCH in two cells with different SSPUCCH, in which case SSPUSCH can be set equal to  SSPUCCH
To reduce the signaling associated with SSPUSCH , the set of 30 sequence shifts can be divided into 5 groups with 6 shift in each group. Group k would then consist of sequence shifts k×6+m where m ranges from 0 to 5. A single bit could then indicate if SSPUSCH = SSPUCCH. If that is not the case, SSPUSCH would instead be equal to the first sequence shift within the same sequence-shift group as the SSPUCCH.  This would reduce the required broadcast signaling to a single bit. 
If somewhat more flexibility would be desired, a different grouping, with 10 groups and sequence shifts in each group could also be supported. A second bit would then select between the two grouping schemes (5 groups vs. 10 groups). The total signaling would then be 2 bits, compared to 5 bits with the current scheme.
1.2. Root hopping pattern

The details of the root-hopping patterns remain to be decided on. The root-hopping patterns should be selected so that two different group sequences, defined by arbitrary RHP/SS pairs, and with arbitrary mutual time shifts, should have a low number of identical elements. Based on the approach outlined in [2], we propose the set of 17 length-20 sequences outlined in Table 1. The “hit” distribution for the set of sequences is illustrated in Figure 1.

	
	Slot number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	1
	3
	9
	27
	19
	26
	16
	17
	20
	29
	25
	13
	8
	24
	10
	0
	28
	22
	4
	12

	1
	2
	12
	28
	12
	8
	20
	24
	27
	17
	2
	0
	27
	10
	11
	17
	0
	6
	10
	26
	11

	2
	3
	21
	16
	28
	28
	14
	1
	6
	14
	6
	4
	10
	12
	29
	24
	1
	15
	28
	26
	4

	3
	4
	0
	4
	13
	17
	8
	9
	16
	11
	10
	9
	24
	14
	16
	0
	2
	24
	11
	25
	5

	4
	5
	8
	23
	29
	6
	2
	17
	26
	8
	14
	14
	7
	16
	3
	7
	3
	2
	29
	28
	21

	5
	6
	17
	11
	14
	26
	27
	25
	5
	5
	18
	19
	21
	18
	21
	14
	4
	9
	8
	29
	6

	6
	7
	26
	0
	0
	15
	21
	2
	15
	2
	22
	24
	4
	20
	8
	21
	5
	21
	3
	26
	23

	7
	8
	4
	18
	15
	4
	15
	10
	25
	0
	26
	29
	18
	22
	26
	28
	6
	29
	29
	27
	6

	8
	9
	13
	6
	0
	24
	9
	18
	4
	27
	0
	3
	1
	24
	13
	4
	7
	6
	8
	24
	23

	9
	10
	22
	25
	16
	13
	3
	26
	14
	24
	3
	8
	15
	26
	0
	11
	8
	14
	18
	25
	0

	10
	11
	0
	13
	1
	2
	28
	3
	24
	21
	7
	13
	29
	28
	18
	18
	9
	22
	28
	26
	24

	11
	12
	9
	1
	17
	22
	22
	11
	3
	18
	11
	18
	12
	0
	5
	25
	10
	3
	8
	27
	10

	12
	13
	18
	20
	2
	11
	16
	19
	13
	15
	15
	23
	26
	1
	23
	1
	11
	11
	18
	20
	27

	13
	14
	27
	8
	18
	0
	10
	27
	23
	12
	19
	28
	9
	3
	10
	8
	12
	19
	28
	21
	11

	14
	15
	5
	27
	3
	20
	4
	4
	2
	9
	23
	2
	23
	5
	28
	15
	13
	0
	8
	22
	26

	15
	16
	14
	15
	19
	9
	29
	12
	12
	6
	27
	7
	6
	7
	15
	22
	14
	8
	18
	23
	12

	16
	17
	23
	3
	4
	29
	23
	20
	22
	3
	0
	12
	20
	9
	2
	29
	15
	16
	28
	1
	29


Table 1 Proposed root-hopping sequences
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Figure 1Relative occurrence of the number of hits between arbitrary pairs 
of different hopping sequences with an arbitrary shift

2. Proposals

The following is proposed:

· The mapping from cell identity to RHPPUCCH/SSPUCCH combination should be according to above, i.e. 

· RHPPUCCH = floor(NID(1)/10) if “hopping” enabled, otherwise RHPPUCCH = 0.

· SSPUCCH = (NID(1)  mod 10)×3 + NID(2)
· The sequence shifts (SS) are divided into six (alternatively three) groups. A single bit is used to indicate whether or not SSPUSCH equals SSPUCCH. If not, SSPUSCH is selected as the first sequence shift in the sequence-shift group to which SSPUCCH belongs. 
· The root-hopping patterns are according to Table 1. 
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