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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _GoBack]At RAN1#86 meeting, the design of PRACH performance enhancement for high speed scenario was discussed and the following agreements were achieved,
· Study until next meeting to down-select one of the following options:
· Alt 1: Set 3 in R1-168354 as the new restricted set of cyclic shifts for PRACH
· Alt 2: The PRACH method described in 6.5.3.1 of RAN4 TR 36.878 for very high speed scenario is specified in 36.211
· Study further how to enable Rel 8 – 13 UEs to access the cell that supports new very high speed scenario
In this contribution, we analyze the number of preambles derived from both the existing restricted set in Rel-8 and the new restricted set proposed in section 6.5.3.1 of [2], and propose to add the cyclic shifts missing in the latter to form a complete restricted set that supports the target uplink Doppler offsets, as was done in Rel-8. 
This contribution is an update of [8]. The main changes are the addition of section 3 to discuss the Ncs values, addition of Annex C with a number of figures to illustrate each du range for the restricted sets of cyclic shifts, and a small correction to the computer searching steps in Annex A.
[bookmark: _Ref462231246]Restricted sets of cyclic shifts for PRACH
Set 1: existing restricted set in Rel-8
As specified in section 5.7.2 of TS 36.211, the current restricted set of cyclic shifts for PRACH (denoted by Set 1) is given by 

             (1)

where  is the length of the configured zero correlation zone.


The variable  is the cyclic shift corresponding to a Doppler shift of magnitude  and is given by

                                                        (2)


where  is the smallest non-negative integer that fulfils .

For  (see Figure 4 in Annex C), the parameters are given by

                                   (3)

For  (see Figure 5 in Annex C), the parameters are given by:

                              (4)

For all other values of , there are no cyclic shifts in the restricted set.
It can be verified that Set 1 covers all preambles supporting target Doppler offsets of [-1.25 KHz, 1.25 KHz].  This is shown in Table 1 by comparing the total number of preambles derived from Set 1 and the total number of preambles derived from computer searching. Details of computer searching steps can be found in Annex A.
Observation 1:  Set 1 (i.e. the restricted set of cyclic shifts for PRACH in Rel-8) covers all preambles supporting Doppler offsets of [-1.25 KHz, 1.25 KHz].
[bookmark: _Ref457660381]Table 1 Comparison of number of preambles derived from Set 1 and computer searching
	Index
	

	
Number of preambles derived from Set 1 ()
	
Number of preambles derived from computer searching ()
	
Coverage of Set 1 = 

	0
	15
	11496
	11496
	100%

	1
	18
	9340
	9340
	100%

	2
	22
	7440
	7440
	100%

	3
	26
	6108
	6108
	100%

	4
	32
	4738
	4738
	100%

	5
	38
	3836
	3836
	100%

	6
	46
	2952
	2952
	100%

	7
	55
	2384
	2384
	100%

	8
	68
	1690
	1690
	100%

	9
	82
	1324
	1324
	100%

	10
	100
	946
	946
	100%

	11
	128
	564
	564
	100%

	12
	158
	366
	366
	100%

	13
	202
	234
	234
	100%

	14
	237
	130
	130
	100%

	15
	-
	-
	-
	-



[bookmark: _Ref457809056]Set 2: new restricted set proposed in section 6.5.3.1 of [2]
Set 2 was derived with an idea very similar to that for Set 1. The only changes are related to increasing the number of detection windows for frequency offset ambiguity from 3 to 5, as summarized in Table 2:
[bookmark: _Ref440041656][bookmark: _Ref457982521]Table 2 Comparison of Set 1 and Set 2
	
	Set 1
	Set 2

	Condition 1
	

	
 (see Figure 6 in Annex C)

	Values of parameters for condition 1
	

	


	Condition 2
	

	
 (see Figure 7 in Annex C)

	Values of parameters for condition 2
	

	




Similarly to Table 1, the number of preambles derived from Set 2 and number of preambles derived by computer searching are shown in Table 3 (Details of computer searching steps can be found in Annex B). It can be seen that with Set 2 the generated preambles only covers about half of all preambles supporting target Doppler offsets of [-2.5 KHz, 2.5 KHz].
Observation 2: Set 2 (i.e. the restricted set of cyclic shifts for PRACH proposed in section 6.5.3.1 of TS 36.878) covers about half of all preambles supporting Doppler offsets of [-2.5 KHz, 2.5 KHz].
[bookmark: _Ref463040448]Table 3 Comparison of number of preambles derived from Set 2 and computer searching
	Index
	
	
Number of preambles derived from Set 2 ()
	
Number of preambles derived from computer searching ()
	
Coverage of Set 2 = 

	0
	15
	3142
	6230
	50.4%

	1
	18
	2518
	4960
	50.8%

	2
	22
	1956
	3888
	50.3%

	3
	26
	1584
	3112
	50.9%

	4
	32
	1200
	2382
	50.4%

	5
	38
	936
	1842
	50.8%

	6
	46
	714
	1390
	51.4%

	7
	55
	530
	1040
	51.0%

	8
	68
	370
	722
	51.2%

	9
	82
	232
	430
	54.0%

	10
	100
	170
	308
	55.2%

	11
	128
	100
	166
	60.2%

	12
	158
	26
	42
	61.9%

	13
	202
	0
	0
	-

	14
	237
	0
	0
	-

	15
	-
	-
	-
	-



Set 3: adding the missing cyclic shifts to Set 2
As can be seen in section 2.2, Set 2 does not include all possible cyclic shifts supporting Doppler offset up to +/-2.5 KHz (as was targeted by the current high speed design, see 6.5.2.1.2 of [2]). It is hence proposed to specify a full set of cyclic shifts supporting the target Doppler offset. The additions for the new set comparing with Set 2 are summarized in Table 4.
[bookmark: _Ref456020943]Table 4 Additions for Set 3 comparing with Set 2
	New subsets of cyclic shifts
	


	Condition 3
	
 (see Figure 8 in Annex C)

	Values of parameters for condition 3
	


	Condition 4
	
 (see Figure 9 in Annex C)

	Values of parameters for condition 4
	


	Condition 5
	
 (see Figure 10 in Annex C)

	Values of parameters for condition 5
	


	Condition 6
	
 (see Figure 11 in Annex C)

	Values of parameters for condition 6
	




As can be seen in Table 5, Set 3 covers all preambles supporting target Doppler offsets of [-2.5 KHz, 2.5 KHz].
Observation 3: Set 3 (i.e. the restricted set of cyclic shifts for PRACH proposed in this document) covers all preambles supporting Doppler offsets of [-2.5 KHz, 2.5 KHz].
[bookmark: _Ref463041205]Table 5 Comparison of number of preambles derived from Set 3 and computer searching
	Index
	
	
Number of preambles derived from Set 3 ()
	
Number of preambles derived by computer searching ()
	
Coverage of Set 3 = 

	0
	15
	6230
	6230
	100%

	1
	18
	4960
	4960
	100%

	2
	22
	3888
	3888
	100%

	3
	26
	3112
	3112
	100%

	4
	32
	2382
	2382
	100%

	5
	38
	1842
	1842
	100%

	6
	46
	1390
	1390
	100%

	7
	55
	1040
	1040
	100%

	8
	68
	722
	722
	100%

	9
	82
	430
	430
	100%

	10
	100
	308
	308
	100%

	11
	128
	166
	166
	100%

	12
	158
	42
	42
	100%

	13
	202
	0
	0
	100%

	14
	237
	0
	0
	100%

	15
	-
	-
	-
	-



Another metric of interest is the number of root sequences needed to generate 64 preambles in one cell, which has an impact on the receiver complexity and the RACH capacity, see [6] (the fewer root sequences are needed in one cell, the lower receiver complexity and the higher RACH capacity). This is shown in Figure 1 to Figure 3 for Ncs = 15, 26, 55, respectively, where the X axis is the starting logical root sequence number. 
It can be seen that 
· 
For some of the starting logical root sequences, with Set 2 the number of root sequences needed to generate 64 preambles can be up to 300 (some of the logical root sequences are “invalid” due to  not meeting the conditions 1 and 2 for set 2 in Table 2).
· For all starting logical root sequences, with Set 3 the number of logical root sequences needed to generate 64 preambles is improved (i.e. reduced).
· With Set 3 the maximum number of root sequences needed to generate 64 preambles is significantly reduced.
It should be noted that although results for only 4 Ncs values are shown here, similar results (in terms of the difference between Set 2 and Set 3) can be observed for other Ncs values.
Observation 4: Set 3 (i.e. the restricted set of cyclic shifts for PRACH proposed in this document) reduces the number of root sequences needed to generate 64 preambles for all starting logical root sequences comparing with the restricted set proposed in section 6.5.3.1 of TS 36.878.
And a selected comparison of the unusable logical root indexes is shown in Table 6 for each CM group and sub-group. It can be seen in this example that for most of the sub-groups (into which the root sequences are classified based on their maximum supportable cell radius) there are some logical root sequences that cannot be used if Set 2 is adopted while all logical root sequences are usable if Set 3 is adopted. Hence with Set 2 it is more likely that the logical root sequences allocated to one cell span more than one sub-groups or even CM groups.
For example, if Ncs = 15 and the starting logical root sequence is 812, with Set 2 the logical root sequences in one cell span the range of 812~837 and 0~24, i.e. 5 sub-groups (and the 2 CM groups), while with Set 3 the logical root sequences in one cell span the range of 812~818, i.e. 2 sub-groups (both within the same CM group).
Observation 5: Set 3 (i.e. the restricted set of cyclic shifts for PRACH proposed in this document) offers higher probability to allocate logical root sequences with similar CM values (i.e. roughly the same coverage) to one cell comparing with the restricted set proposed in section 6.5.3.1 of TS 36.878.

Proposal 1: Adopt Set 3 as the new restricted set of cyclic shifts for PRACH.


[bookmark: _Ref439966166]Figure 1 Number of root sequences needed to generate 64 preambles, Ncs=15


Figure 2 Number of root sequences needed to generate 64 preambles, Ncs=26


Figure 3 Number of root sequences needed to generate 64 preambles, Ncs=55

[bookmark: _Ref459783717]Table 6 Comparison of unusable logical root indexes
	CM group
	Sub-group
	

	Logical root index
	Unusable logical root index if Set 2 is adopted
	Unusable logical root index if Set 3 is adopted

	Low
	0
	-
	0-23
	-
	-

	
	1
	15
	24-29
	26, 27
	None

	
	2
	18
	30-35
	30, 31
	None

	
	3
	22
	36-41
	40, 41
	None

	
	4
	26
	42-51
	42, 43, 48, 49, 50, 51
	None

	
	5
	32
	52-63
	54, 55, 62, 63
	None

	
	…
	…
	…
	…
	…

	High
	…
	…
	…
	…
	…

	
	26
	32
	790-795
	794
	None

	
	27
	26
	796-803
	None
	None

	
	28
	22
	804-809
	804, 805
	None

	
	29
	18
	810-815
	810, 811
	None

	
	30
	15
	816-819
	818
	None

	
	31
	-
	820-837
	-
	-



[bookmark: _Ref463043144]Ncs values for the new restricted set
Ncs values for the new restricted set should preferably reuse those defined for the Rel-8 restricted set in order to support a granularity of Ncs to cell radius mapping as close to the existing deployments as possible. However, since the total number of preambles derived for a given Ncs is reduced comparing to Rel-8, some of the Ncs values for Rel-8 might not be suitable any more. For example, for Ncs = 237, the total number of preambles is 130 using the Rel-8 restricted set (see Table 1), but is 0 using Set 3 (see Table 5), i.e. Ncs = 237 is not any more suitable for the new restricted set.
Considering that base stations in a very high speed scenario are normally deployed in a straight line, the minimum requirement on the total number of preambles is 64 x 2 = 128, which is fulfilled by the max Ncs of 237 for Rel-8. It can be derived that for Set 3, the maximum Ncs fulfilling this requirement is 137. Hence 158, 202 and 237 should all be removed from the set of Ncs for the new restricted set. 128 is smaller than 137, but there is only a small gap of 9 between 128 and 137 which is inconsistent with the design principle that the gap between two adjacent Ncs values increases as the Ncs value increases. Therefore it is proposed to replace 128 with 118, creating a gap of 19 between 118 and 137, and a gap of 18 between 100 and 118, see the last column of Table 7.

[bookmark: _Ref463042003]Table 7  for preamble generation
	zeroCorrelationZoneConfig
	
 value

	
	Unrestricted set
	Rel-8 restricted set
	Rel-14 restricted set

	0
	0
	15
	15

	1
	13
	18
	18

	2
	15
	22
	22

	3
	18
	26
	26

	4
	22
	32
	32

	5
	26
	38
	38

	6
	32
	46
	46

	7
	38
	55
	55

	8
	46
	68
	68

	9
	59
	82
	82

	10
	76
	100
	100

	11
	93
	128
	118

	12
	119
	158
	137

	13
	167
	202
	-

	14
	279
	237
	-

	15
	419
	-
	-



[bookmark: _Ref129681832]Conclusions
In this contribution, we give analysis on the new restricted set of cyclic shifts necessary to support extra high speed cells, as targeted by the “Performance enhancements for high speed scenario” WI. 
Observation 1: Set 1 (i.e. the restricted set of cyclic shifts for PRACH in Rel-8) covers all preambles supporting Doppler offsets of [-1.25 KHz, 1.25 KHz].
Observation 2: Set 2 (i.e. the restricted set of cyclic shifts for PRACH proposed in section 6.5.3.1 of TS 36.878) covers about half of all preambles supporting Doppler offsets of [-2.5 KHz, 2.5 KHz].
Observation 3: Set 3 (i.e. the restricted set of cyclic shifts for PRACH proposed in this document) covers all preambles supporting Doppler offsets of [-2.5 KHz, 2.5 KHz].
Observation 4: Set 3 (i.e. the restricted set of cyclic shifts for PRACH proposed in this document) reduces the number of root sequences needed to generate 64 preambles for all starting logical root sequences comparing with the restricted set proposed in section 6.5.3.1 of TS 36.878.
Observation 5: Set 3 (i.e. the restricted set of cyclic shifts for PRACH proposed in this document) offers higher probability to allocate logical root sequences with similar CM values (i.e. roughly the same coverage) to one cell comparing with the restricted set proposed in section 6.5.3.1 of TS 36.878.
Proposal 1: Adopt Set 3 as the new restricted set of cyclic shifts for PRACH.
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Annex A [bookmark: _Ref438890703]Computer searching for preambles targeting Doppler offsets of [-1.25 KHz, 1.25 KHz]


For each root sequence generated with root sequence index , the restricted set is initialized as an empty set, and a cyclic shift taken from the set  is added to the restricted set if and only if no other cyclic shift already in the restricted set falls into the following 3 non-overlapping detection windows:
1. 
, corresponding to Zadoff-Chu sequence with no cyclic shift;
2. 
, corresponding to Zadoff-Chu sequence with cyclic shift ;
3. 

, corresponding to Zadoff-Chu sequence with cyclic shift .

The total number of preambles targeting Doppler offsets of [-1.25 KHz, 1.25 KHz] can be derived by summing the size of all restricted sets corresponding to logical root sequence indexes .

Annex B [bookmark: _Ref457809994]Computer searching for preambles targeting Doppler offsets of [-2.5 KHz, 2.5 KHz]
The steps are the same as those in Annex A, except that the following 2 additional non-overlapping detection windows are added to the criteria for adding a cyclic shift to the restricted set:
1. 

, corresponding to Zadoff-Chu sequence with cyclic shift ;
2. 

, corresponding to Zadoff-Chu sequence with cyclic shift .
Annex C [bookmark: _Ref462232618]Illustration of du ranges



The following two du ranges are used in Set 1 where cyclic shifts in detection windows , , and  are occupied by the same PRACH preamble sequence.


[bookmark: _Ref462240434]Figure 4 [image: ]



[bookmark: _Ref462240443]Figure 5 [image: ]






The following two du ranges are used in Set 2 and Set 3, where cyclic shifts in detection windows , , , , and  are occupied by the same PRACH preamble sequence.



[bookmark: _Ref462240456]Figure 6 




[bookmark: _Ref462240470]Figure 7 






The following four du ranges are used in Set 3, where cyclic shifts in detection windows , , , , and  are occupied by the same PRACH preamble sequence.



[bookmark: _Ref462240481]Figure 8 




[bookmark: _Ref462240489]Figure 9 




[bookmark: _Ref462240499]Figure 10 




[bookmark: _Ref462240507]Figure 11 
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