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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The following was agreed in RAN1#86bis:
RAN1#86bis agreements:
· Set 3 in R1-1609349 is selected as the new restricted set of cyclic shifts for PRACH in the new Rel-14 high speed scenario.
And the agreed new restricted set of cyclic shifts was captured in the CR to TS 36.211 [3] (as “restricted sets type B”) which was agreed in RAN1#87. The legacy restricted sets were renamed “restricted sets type A”.


In R1-1609349 [2], Set 3 (i.e. restricted sets type B currently specified in TS 36.211) was verified by comparing the number of generated preambles with computer searching. However, no detail comparison was done in [2] on whether the same set of preambles is generated by Set 3 in [2] and by computer searching. A later such comparison showed that there is some difference between the two for some of the  values, and this can result in interference between preambles for these  values.

This paper proposes an improvement of restricted sets type B which generates a same set of preambles with computer searching for every  value and every starting logical root sequence number.
Difference between restricted sets type B and computer searching 

Set 3 in [2] is specified in section 5.7.2 of TS 36.211 [1] as restricted sets type B, as follows, with different sets of parameters for different ranges of .





A comparison was carried out between the 64 values of  respectively derived from the above equation and via computer searching (see Annex A for the computer searching steps), for each starting logical root sequence number and each , and the difference in % (if greater than 0) was logged and shown in Annex B. It can be seen that there is difference for some of the starting logical root sequences if  is chosen from {15, 18, 22, 26, 32, 46}, and the difference can be up to 19%, i.e. 19% of the 64 PRACH preambles in a cell can interfere with other PRACH preambles.


To further illustrate the interference caused by the mismatch with computer searching, one example is shown in Annex C on some of the generated cyclic shifts for  and logical root sequence number of 334 (the corresponding physical root sequence number is 220 and ). 







The set of  derived from restricted sets type B is {0, 15, 30, 45, 121, 136, 375, 390} and that derived from computer searching is {0, 15, 30, 45, 121, 136, 315, 330}, i.e. the last two are different. Figure 7 shows  of 0, 315 and 330 assigned to UE1, UE2, and UE3, respectively, using the set of  derived from computer searching, each UE occupying 5 cyclic shifts. And Figure 8 shows  of 0, 375 and 390 assigned to UE1, UE2, and UE3, respectively, using the set of  derived from restricted sets type B, each UE occupying 5 cyclic shifts. It can be seen that with the set derived from computer searching the cyclic shifts between any two of the UEs are separated by at least , i.e. there is no interference between the 3 PRACH preambles. However, with the set derived from restricted sets type B, there are two places where the cyclic shifts between UE1 and UE3 are only separated by 1, i.e. there is potential interference between the preambles for UE1 and UE3.

Observation: PRACH preambles derived from the restricted sets of cyclic shifts Type B as currently specified in TS 36.211 can cause inter-user interference for some of the  and logical root sequence combinations.
Improvement for restricted sets Type B

To eliminate the difference between   sets derived from restricted sets Type B and computer searching, the two Type B specific equations, 
[image: ]
are proposed to be replaced with
[image: ]


It can be verified that with the above changes the same set of  as computer searching can be derived for any combination of  and logical root sequence number.
Proposal: The two restricted sets Type B specific equations for deriving PRACH cyclic shifts for Rel-14 high speed scenarios are changed from 
[image: ]
to
[image: ]
[bookmark: _Ref129681832]Conclusions

In this contribution, we analyze the difference between   sets derived from restricted sets Type B and computer searching, and make the following observation and proposal. A companion draft CR can be found in [4].

Observation: PRACH preambles derived from the restricted sets of cyclic shifts Type B as currently specified in TS 36.211 can cause inter-user interference for some of the  and logical root sequence combinations.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal: The two restricted sets Type B specific equations for deriving PRACH cyclic shifts for Rel-14 high speed scenarios are changed from 
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to
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Annex A [bookmark: _Ref438890703]Computer searching for preambles targeting Doppler offsets of [-2.5 KHz, 2.5 KHz]


For each root sequence generated with root sequence index , the restricted set is initialized as an empty set, and a cyclic shift from  is added to the restricted set if and only if no other cyclic shift already in the restricted set falls into the following 5 non-overlapping detection windows:

1. , corresponding to Zadoff-Chu sequence with no cyclic shift;

2. , corresponding to Zadoff-Chu sequence with cyclic shift [image: ];


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


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


5. , corresponding to Zadoff-Chu sequence with cyclic shift .

The total number of preambles targeting Doppler offsets of [-2.5 KHz, 2.5 KHz] can be derived by summing the size of all restricted sets corresponding to logical root sequence indexes .

Annex B 
Ratio of different  in the 64 generated PRACH preambles 
 
[image: ]   [image: ]
  Figure 1 Ncs = 15                                                            Figure 2 Ncs = 18

[image: ]   [image: ]
  Figure 3 Ncs = 22                                                            Figure 4 Ncs = 26

[image: ]   [image: ]
  Figure 5 Ncs = 32                                                            Figure 6 Ncs = 46

Annex C 
Selected cyclic shifts derived for  and logical root sequence number of 334
 [image: ]


Figure 7 derived from computer searching for  and logical root sequence number of 334

[bookmark: _GoBack][image: ]


Figure 8 derived from restricted sets type B for  and logical root sequence number of 334
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