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1. Introduction

In RAN1#49-bis, it was agreed to predefine at most 16 random access slot configurations (at most 4 bits).   This contribution discusses several issues related to random access slot configuration and provides some recommendations.
2. RACH Slot Configuration
Figure 1 illustrates a non-synchronized random access structure.   In the figure, random access occupies a bandwidth of 6 RBs and its length is a multiple of 1ms TTI.  Multiple frequency regions may be defined within one access period in order to provide sufficient number of random access opportunities.  However, this may not be possible for all the bandwidth options.  For example, for the 1.4 MHz system only one RACH access slot is possible within each sub-frame, and for 3 MHz system, at most 2 RACH access slots per sub-frame can be accommodated.  Note that data transmission may also be scheduled in the random access region at the discretion of the scheduler.
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Figure 1.  Non-synchronized random access.
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 –

· Maximum random access period:  When based on a simple delay analysis of the access procedure, it is seen that a maximum RACH period of 20 ms is acceptable in lightly loaded systems or for systems with low bandwidth (e.g. 1.4 MHz).  However, it is beneficial from a system design and implementation perspective to have the same random access configuration in every radio frame, so that the pattern timing needs not be indicated or detected.  In addition, since RACH access slot may also be used for uplink data transmission, the overhead associated with RACH period of 10 ms even for 1.4 MHz bandwidth is not excessive.  As a result, it is recommended that the maximum random access period is one radio frame.
· RACH frequency access slot per sub-frame:  It is simplest to have only one RACH frequency access slot per sub-frame.  However, this approach may be too restrictive for TDD deployment since this would imply that the number of UL sub-frame in the UL/DL split must be at least equal to the number of required RACH access slots based on a certain collision probability.  For example, to meet 0.5% collision probability, for a 10 MHz system it was determined that 6 RACH access slots are required [3].  This would result in a requirement of 6 UL sub-frames in a TDD deployment.  Hence, it may be necessary to provide more than one RACH frequency access slot per sub-frame.  Also, 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.  In this case, 1 bit can be used to denote whether 1 or 2 RACH frequency access slots are present per sub-frame.   The frequency location for these RACH access slots are predetermined and may be cell-specific or common.
· RACH time-frequency access slot configuration:  It is agreed that up to 16 different RACH access slot configurations will be defined.  Table 1 provides 8 different RACH time access slot configurations with repetition period of one radio frame.  This 3-bit temporal configuration, together with the 1-bit frequency allocation (umber of frequency access slot per subframe), results in 4 total bits used for RACH time-frequency access slot configuration.
Table 1.  Proposed RACH time access slot configuration (10ms period).
	RACH slot configuration
	Uplink RACH sub-frame

	0
	0

	1
	3

	2
	6

	3
	0, 5

	4
	2, 7

	5
	0, 3, 6

	6
	2, 5, 8

	7
	0, 2, 4, 6, 8


Figure 2 illustrates a RACH slot configuration number 5 with 10ms period.  In this case, only one RACH frequency access slot is available per sub-frame.  It should be noted that the RACH access slot may hop in frequency within the radio frame to provide some diversity.  Naturally, this frequency hopping pattern should be predefined.
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Figure 2.  Example of RACH slot configuration.

For TDD deployment, the above table may still be used with.  In this case, the sub-frame number corresponds to the uplink sub-frame in the UL split. 
· Access slot frequency location and hopping:  In general, the frequency location of each RACH access slot should be fixed and implicit.  It should be noted that it is not desirable to have RACH access slots near the band edge, so this should be taken into consideration when RACH frequency placement is determined.  As shown in Figure 2, within the radio frame, RACH access slot frequency hopping should be allowed to provide some diversity in case of re-transmission and also to access in RACH access slot selection in case of channel reciprocity in TDD.  Among different cells, the hopping patterns may be either identical or cell-specific.
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