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1 Introduction 
This contribution outlines the changes done in the attached companion draft CR on mapping PRACH resources in time and frequency for LTE TDD. The requested changes are based on the PRACH configurations agreed in the CR ‎[1] as well as on the proposed PRACH resource mapping schemes described in ‎[3]. 
This contribution is an update of R1-082006 and includes some corrections of the frequency mapping equations. Appendix B has been added to this update. In the companion draft CR, the constraints imposed by certain design rules in ‎[2] for some PRACH configurations and UL/DL allocations have been removed in this update.
2 Changes to 36.211
The changes to subclause 5.7.1 can be divided into two parts.
The first part refer to include the agreed CR ‎[1] into the baseline specification ‎[4], but where the PRACH density and versions notation 
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and 
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, respectively, have been replaced by 
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in order to avoid notation collisions in the specification. This means that ‎[1] can be replaced with the proposed draft CR if agreed by RAN1. Otherwise, a new revision of ‎[1] should be prepared to resolve this collision issue.
The second part represents a text proposal to capture the suggested mapping in ‎[3] into the specification, which defines the PRACH resource mapping in time and frequency for each preamble format. We here propose to capture this mapping with a table with entries specifying the location of a specific PRACH resource. Each PRACH resource location is here specified by the quadruple
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 is a non-negative frequency resource index, and is used to map PRACH resource blocks in the frequency domain for configurations with densities that require frequency multiplexing (see below).

·  
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is a radio frame number related index, and indicates whether the PRACH resource is in every even frame (0), in every odd frame (1), or in both odd and even frames (2), respectively
. Thus, for PRACH densities 
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 larger than 0.5, this index is always set to 2.
· 
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 is a half frame index, and indicates whether the PRACH resource is located in the first half frame (0) or in the second half frame (1) of the radio frame
· 
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 is an uplink subframe index, and indicates where the preamble starts such that 0 indicates at the first uplink subframe in each half frame, etc. Preamble resources in UpPTS (preamble format 4 only) are indicated by an asterisk in this field.
The benefits of this mapping as well as the design principles behind it are stated in ‎[3]. The mapping algorithm used to generate the table is summarized in the Appendix A below, and is the same as the one proposed in ‎[3] but with slightly changed notations. 
The frequency multiplexing for preamble format 0-3 follows as 
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where
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is the first resource block allocated to a PRACH opportunity and where
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 indicates the first resource block available for PRACH. As in ‎[4],
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above represents the uplink bandwidth configuration expressed in multiples of resource blocks in the frequency domain. With this mapping, the location of the PRACH opportunities with consecutive values of 
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 will alternate between lower and upper frequencies within the configured uplink frequency band. For preamble format 4, the mapping in frequency is as follows
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where
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is the system frame number and where
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 is the number of DL to UL switch points within the radio frame. For UL-DL allocations with a single DL-to-UL switch per frame, PRACH opportunities with even system frame number will be mapped to a frequency band on the low side whereas PRACH opportunities with odd system frame number will be mapped to a frequency band on the high side. For UL-DL allocations with two DL-to-UL switches per frame, the PRACH resources will instead alternate between low and high bands on a half frame basis. By doing alternating preamble format 4 PRACH in this manner, frequency diversity between random access attempts can be provided at the same time as the whole system bandwidth can be sounded over two consecutive UpPTS.
3 Summary

The companion draft CR provides a text proposal for TS 36.211 by capturing the agreed TDD PRACH configurations in ‎[1] together with the mapping proposed in ‎[3], but with a slight change of notation in order to better harmonize with the notation in ‎[4]. The mapping of PRACH opportunities is on a time first basis and frequency multiplexed only if time multiplexing is not sufficient. When frequency multiplexing is employed frequency diversity between random access attempts can be achieved.
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5 Appendix A
Let 
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 be the average density of PRACH opportunities per frame within a configuration and let 
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index the RACH opportunities so that 
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Let
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be the number of configuration versions with the same density and the same preamble format and index these versions 
[image: image23.wmf].

1

,...,

0

-

=

RA

RA

R

r

Furthermore, let 
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index all the PRACH opportunities for all the configurations. Then
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Moreover, let L be the number of consecutive subframes that the PRACH preamble occupies (
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 = 1, 2, 2, 3, and 1 for preambles 0, 1, 2, 3, and 4, respectively), let  
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and let 
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 be the number of DL to UL switch points per frame (
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= 2 for UL/DL allocation configuration 0,1,2 and 6, and 
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= 1 for Uplink-Downlink allocation configurations, see Table 4.2-2 ‎[4]). Further, let 
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where the number of PRACH:es that can be held by half frame 
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 without overlapping in time can be found as
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     (for preamble format 4,
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 is the number of UL subframes in half frame i. Then,
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The frequency index is then for each timing triplet 
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where 
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denoted the number of PRACH opportunities within the considered PRACH configuration that has the timing given by the triplet 
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6 Appendix B

Table 5.7.1-3 in ‎[1] lists the allowed PRACH configurations for frame structure type 2, in which a configuration is defined by a specific combination of preamble format, PRACH density value and version index. For some PRACH configurations related to multiple versions of a preamble format and PRACH density pair will have identical mappings of PRACH resources when applied to certain UL/DL allocations. Hence, some UL/DL allocations will not have as many different versions as supported by Table 5.7.1-3. For example, this can be observed for UL/DL allocation 5 in Table 5.7.1-4 in the draft CR, in which the PRACH configurations 0 and 2 correspond to the same mapping of PRACH resources. Thus, the number of versions can for this particular UL/DL allocation be reduced from three to two. Such reduction of redundant versions would reduce the amount of needed testing. Redundant versions could in Table 5.7.1-4 e.g. be marked as “Not used”.
� The definition of this index differs here slightly from � REF _Ref197255210 \r \h ��‎[3]�, but it is used in the same way.





_1270906351.unknown
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_1270898982.unknown
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_1270557700.unknown

_1270642353.unknown
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