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1 Introduction
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 discuss the design of signaling of the Rel-14 PRACH performance enhancement supporting high speed legacy UEs (i.e. Rel-8 to Rel-13 UEs) as well as Rel-14 UEs.
2 Support for legacy UEs in high speed cells
As can be seen in [3], for Rel-14 UEs, support for Doppler offsets of [-2.5 KHz, 2.5 KHz] is achieved by assigning a cyclic shift for a given logical root sequence such that the 5 timing uncertainty windows (of size 
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are not overlapped and not occupied by any other assigned cyclic shift. This imposes some restrictions on the relationships between 
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, and consequently excludes some logical root sequences and cyclic shifts. See Figure 6 to Figure 11 of [3] for an illustration of the valid 
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Considering that the legacy UEs do not understand the new restricted sets of cyclic shifts, support for Doppler offsets of [-2.5 KHz, 2.5 KHz] for these UEs can be achieved by the following,

· Configure highSpeedFlag as “false”, i.e. the unrestricted sets rather than (Rel-8) restricted sets should be chosen when deriving cyclic shifts.
· Configure zeroCorrelationZoneConfig as “0”, i.e. only cyclic shift 0 is used for any given logical root sequence. Note that this is not possible if highSpeedFlag = true. See Table 5.7.2-2 of TS 36.211 [2].
· Configure the starting logical root sequence, rootSequenceIndex such that only values fulfilling the following condition are considered: for each of {rootSequenceIndex, rootSequenceIndex+1, …, rootSequenceIndex+M-1}, cyclic shift 0 is in the new restricted set of cyclic shifts for Rel-14. M is preferably >= 64, or else some of the preambles used by legacy UEs in the cell cannot support the target Doppler offsets.
Table 1 and Table 2 show some results on the number of available starting logical root sequences (rootSequenceIndex) fulfilling the condition mentioned in the 3rd bullet above, respectively for the case of adopting “Alt1” and “Alt2” (see section 1) as the new restricted set. As can be expected, the number drops as M increases. It would be up to the eNB implementation to strike a balance between the number of configurable starting logical root sequences and the percentage of preambles supporting Rel-14 high speed target for the legacy UEs.
It can also be seen from Table 2 that “Alt2” can hardly support legacy UEs in a Rel-14 high speed cell due to the very low number of usable starting logical root sequences, even if M is far less than 64.

Table 1 Number of starting logical root sequences (rootSequenceIndex) fulfilling the condition mentioned in the 3rd bullet in section 2, if “Alt 1” is adopted
	NCS
	15 
	18 
	22 
	26 
	32 
	38 
	46 
	55 
	68 
	82 
	100 
	128 
	158 
	202 
	237 

	M=64
	474
	438
	426
	414
	396
	316
	292
	226
	160
	118
	58
	0 
	0 
	0 
	0 

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	M=18
	596
	551
	528
	516
	488
	445
	394
	331
	265
	219
	155
	58
	0
	0
	0

	M=10
	657
	620
	584
	563
	520
	479
	431
	379
	305
	247
	179
	74
	0
	0
	0


Table 2 Number of starting logical root sequences (rootSequenceIndex) fulfilling the condition mentioned in the 3rd bullet in section 2, if “Alt 2” is adopted
	NCS
	15 
	18 
	22 
	26 
	32 
	38 
	46 
	55 
	68 
	82 
	100 
	128 
	158 
	202 
	237 

	M=64
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0 
	0 
	0 
	0 

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	M=18
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0 
	0 
	0 
	0 

	M=10
	47
	47
	47
	47
	47
	42
	30
	30
	22
	19
	12
	3
	0
	0
	0


Observation 1: Legacy UEs (i.e. Rel-8 to Rel-13 UEs) can be supported in a Rel-14 high speed cell by means of the following configurations, with no specification impact:

- highSpeedFlag = false.
- zeroCorrelationZoneConfig = 0.
- rootSequenceIndex is configured such that only values fulfilling the following condition are considered: for each of {rootSequenceIndex, rootSequenceIndex+1, …, rootSequenceIndex+M-1}, cyclic shift 0 is in the new restricted set of cyclic shifts for Rel-14. M is preferably >= 64.
Observation 2: “Alt2” can hardly support legacy UEs (i.e. Rel-8 to Rel-13 UEs) in a Rel-14 high speed cell.

3 Signaling of the new restricted sets of cyclic shifts to Rel-14 UEs
For Rel-14 UEs, as for legacy UEs in today’s networks (i.e. non high speed cells or Rel-8 high speed cells), there is no restriction on the selection of the starting logical root sequence in terms of supporting Rel-14 high speed target, so there are two options: 
· use the same rootSequenceIndex as legacy UEs, or
· use a new parameter rootSequenceIndex-r14 specifically for Rel-14 UEs.
As mentioned in section 2, in order to support legacy UEs in Rel-14 high speed cells, only a subset of {0..837} is available for rootSequenceIndex. If the Rel-14 UEs follow the same rootSequenceIndex setting as legacy UEs, it will impose an unnecessary restriction on the configuration of starting logical root sequence, which is highly undesirable especially when considering that more and more UEs will support Rel-14 in the future. Thus it is preferable to have a new parameter, rootSequenceIndex-r14, specifically for Rel-14 UEs.
Furthermore, since zeroCorrelationZoneConfig is configured as “0” in Rel-14 high speed cells, another new parameter, zeroCorrelationZoneConfig-r14, is needed in order to signal the 
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 value for Rel-14 UEs. 

And a new parameter, highSpeedFlag-r14, is also needed to indicate whether the above two new parameters are used by Rel-14 UEs.
Proposal: RAN1 recommends that the following new RRC parameters are defined in Rel-14 to support PRACH enhancement for high speed scenario:
- highSpeedFlag-r14
- zeroCorrelationZoneConfig-r14

- rootSequenceIndex-r14
4 Summary of UE behaviors
Behaviors of legacy UEs and Rel-14 UEs in different deployment scenarios are summarized in Table 3:
Table 3 UE behaviors vs. higher layer PRACH parameters

	Scenario
	Parameter
	Legacy UE
	Rel-14 UE

	Non high speed cell
	highSpeedFlag
	False

	
	zeroCorrelationZoneConfig
	No restriction

	
	rootSequenceIndex
	No restriction

	
	highSpeedFlag-r14
	Ignore
	0

	
	zeroCorrelationZoneConfig-r14
	Not signaled

	
	rootSequenceIndex-r14
	Not signaled

	Rel-8 high speed cell
	highSpeedFlag
	True

	
	zeroCorrelationZoneConfig
	No restriction

	
	rootSequenceIndex
	No restriction

	
	highSpeedFlag-r14
	Ignore
	0

	
	zeroCorrelationZoneConfig-r14
	Not signaled

	
	rootSequenceIndex-r14
	Not signaled

	Rel-14 high speed cell
	highSpeedFlag
	False
	Ignore

	
	zeroCorrelationZoneConfig
	0
	Ignore

	
	rootSequenceIndex
	See Note 1
	Ignore

	
	highSpeedFlag-r14
	Ignore
	1

	
	zeroCorrelationZoneConfig-r14
	Ignore
	Replace zeroCorrelationZoneConfig for deriving 
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	rootSequenceIndex-r14
	Ignore
	Replace rootSequenceIndex as the starting logical root sequence

	Note 1: rootSequenceIndex is configured such that only values fulfilling the following condition are considered: for each of {rootSequenceIndex, rootSequenceIndex+1, …, rootSequenceIndex+M-1}, cyclic shift 0 is in the new restricted set of cyclic shifts for Rel-14. M is preferably >= 64.


5 Conclusions
This document discusses the design of signaling in supporting PRACH enhancement for high speed scenario and makes the following two observations and one proposal:

Observation 1: Legacy UEs (i.e. Rel-8 to Rel-13 UEs) can be supported in a Rel-14 high speed cell by means of the following configurations, with no specification impact:

- highSpeedFlag = false.

- zeroCorrelationZoneConfig = 0.

- rootSequenceIndex is configured such that only values fulfilling the following condition are considered: for each of {rootSequenceIndex, rootSequenceIndex+1, …, rootSequenceIndex+M-1}, cyclic shift 0 is in the new restricted set of cyclic shifts for Rel-14. M is preferably >= 64.

Observation 2: “Alt2” can hardly support legacy UEs (i.e. Rel-8 to Rel-13 UEs) in a Rel-14 high speed cell.

Proposal: RAN1 recommends that the following new RRC parameters are defined in Rel-14 to support PRACH enhancement for high speed scenario:
- highSpeedFlag-r14
- zeroCorrelationZoneConfig-r14

- rootSequenceIndex-r14
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