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1. Introduction

In RAN1#50, it was agreed only have one PRACH per sub-frame for FDD and to allow RACH period longer than 10ms.  In addition, only one frequency hopping pattern common to all cells will be used.  However, there was no agreement on the predefine slot configuration (at most 16 configurations corresponding to 4 bits).   This contribution discusses several issues related to random access slot configuration and provides some recommendations.
2. RACH Slot Configuration
Two important RACH design criteria to consider are latency and collision probability.  Although the target collision probability may generally be seen as an implementation option, there should be enough flexibility to handle various performance requirements.  To ensure low latency, random access procedure must be designed such that the control plane latency requirement of less than 100 ms is achieved.   Naturally, these two criteria must be balanced against the overhead consumed by random access.
Several issues regarding RACH access slot configuration may be described as follows –

· PRACH time slot configuration:  It is agreed that up to 16 different PRACH access slot configurations will be defined.  In [2], a proposed configuration table was provided that captured well most of the proposals from all companies.  However, the proposed table is more suitable to FDD rather than TDD deployment.  Naturally, it would be beneficial to define only one table that is applicable to both TDD and FDD.  Note that, for FDD only one PRACH is available per sub-frame.  For TDD deployment, the possibility to support multiple PRACHs per sub-frame is essential for systems with large DL:UL asymmetry [1].  Figure 1 shows possible 12 DL:UL splits that are under consideration.
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Figure 1.  Possible DL:UL split for TDD.
Note that for TDD sub-frames 0 and 5 are always reserved for DL.  In addition, for highly asymmetric DL:UL configurations, only a few uplink sub-frames may be available.  These are placed at the end of the radio frame as seen in Figure 1.  Therefore, a modified RACH time access configuration (modified from [2]) is proposed in order to have a common time slot configuration between TDD and FDD.  Note that differences from [2] are mainly due to shifting the PRACH sub-frame offset by 1 to accommodate the fact that for TDD the first UL sub-frame possible is sub-frame #1.  In addition, one format with PRACH in sub-frame #9 and 20ms period is provided. Also note that in this table the sub-frames containing the PRACH are specifically provided to avoid possible confusion with RA period of 3 sub-frames.
Table 1.  Proposed RACH time access slot configuration.

	RA slot configuration
	RA period
(sub-frames)
	RA sub-frames

	0
	20
	1

	1
	20
	4

	2
	20
	7

	3
	10
	1

	4
	10
	4

	5
	10
	7

	6
	10
	1, 6

	7
	10
	2, 7

	8
	10
	3, 8

	9
	10
	1, 4, 7

	10
	10
	2, 5, 8

	11
	10
	3, 6, 9

	12
	10
	0, 2, 4, 6, 8

	13
	10
	1, 3, 5, 7, 9

	14
	10
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9

	15
	20
	9


· PRACH frequency slot configuration: For FDD deployment only one PRACH is available per sub-frame.  For TDD deployment, 1-4 PRACHs per sub-frame is proposed in order to provide similar number of PRACHs as for FDD for systems with large DL:UL asymmetry [1].  This is denoted by a 2-bit frequency allocation field.  Note that an advantage of multiple RACH frequency access slots within a sub-frame for TDD is the ability for the UE to choose the most advantageous access slot based on channel knowledge due to reciprocity.
· PRACH frequency placement: As specified in [3], PRACH frequency location is specified by the parameter kRA which is expressed as a resource block number configured by higher layers.  When multiple PRACHs are available in one sub-frame for TDD, the relative frequency locations should be fixed to reduce signalling.  A simple mapping relation that distributes the location of the PRACH uniformly within the bandwidth is given below where the frequency of the n-th PRACH is given relative to the first PRACH as follows 
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where NRA is the number PRACHs configured in one sub-frame.  Obviously, the number of PRACHs available is constraint by the system bandwidth and number of control regions.  For instance, for 5 MHz bandwidth at most 3 PRACHs may be supported in the same sub-frame.  Also note that the frequency location of the 1st PRACH may be restricted depending on how many PRACH frequency slots are available in a sub-frame.
3. Conclusions

In this contribution, the following recommendations are made –

· Multiple PRACH frequency access slot (up to 4) per sub-frame for TDD.  The number is configured by higher layers semi-statically.
· Fixed frequency location placement based on the number of PRACH frequency access slots and kRA.
· Same PRACH time slot configuration for TDD and FDD (see Table 1). 
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