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1. Introduction 
TDD PRACH configuration set has been agreed in RAN1#52bis, but exact time and frequency location mapping is still open. In this contribution we firstly re-submit the time location mapping method of [1] and then discuss frequency location mapping for long and short PRACH respectively. Finally one example is presented to further explain the mapping process of the proposed time/frequency location mapping algorithm.

2. Time/Frequency Location Mapping
2.1. Time Location Mapping
According to the decision in RAN1#51bis, PRACHs should be mapped first in time domain and then in frequency domain if time multiplexing is not sufficient. Here we conform to this decision to derive the mapping method and before that numbering all the available PRACHs for the versions of a certain density is required to formulate the mapping process conveniently and systematically.
Numbering all the available PRACH
The number of all available PRACH for density D equals to
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, where R is the maximum number of version for density D. Then numbering process can be expressed as
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where 
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 is PRACH index after numbering. Here we firstly increase version index 
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 and then density index 
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 in an effort to uniformly distribute PRACHs belonging to one cell firstly in time domain to avoid unnecessary accessing delay. Then the time location mapping process should be performed through the following steps.
Step 1: radio frame mapping

· When D > 0.5 PRACH/10ms, it is obvious that each radio frame should hold all available PRACHs. 

· When D = 0.5 PRACH/10ms, all the PRACHs should be uniformly distributed between two adjacent radio frames. Here it is suggested the PRACHs with even 
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 are mapped to even radio frame, and those with odd index are mapped to odd radio frame. 
Then the radio frame mapping method can be expressed as 
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where 
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 and the value of the radio frame indicator 
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 represent that the PRACH is mapped to every, even and odd radio frame respectively. 
Step 2: half frame mapping

· If there is one DL-to-UL switching point in a radio frame, all PRACHs allocated to this radio frame should be mapped to the first half frame naturally.

· If there are two DL-to-UL switching points in one radio frame, it is proposed the PRACHs allocated to this radio frame are mapped to the first and the second half frame one by one according to ascending order of index
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 , i.e. if one PRACH is at the 1st half frame, then the next one is at the 2nd half frame. 

This will ensure that the PRACHs owned by one cell are distributed uniformly between half frames and the number of PRACHs assigned to each half frame is identical. 

One Problem:

Above half-frame mapping method would be fine in most cases, but when the number of UL sub-frame is not identical between the two half frames such as 3DL: 5UL, this method is not reasonable for preamble format 0 since the number of the UL sub-frames which can be accommodated in two half-frame is not identical. To resolve this problem we can perform the following operations
· Reordering the PRACHs allocated in this radio frame increasingly based on the index
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 to get new index
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when D > 0.5 PRACH/10ms and 
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when D = 0.5 PRACH/10ms. So this operation is equivalent to
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· Let
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is the number of DL-to-UL switching point. 
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 is the number of PRACHs which can be held by half frame 
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 denote the first and the second half frame respectively. 
Furthermore 
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is the number of UL sub-frame in half frame 
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 and 
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is the number of UL sub-frame that occupied by current preamble format. For preamble format 4 we can let
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Then the half frame mapping can be executed through the following formula

                       
 
[image: image29.wmf]SP

ind

RA

RA

N

M

t

mod

1

=


(3)
where the value of half frame indicator 
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means the PRACH is mapped to the first or the second half frame respectively.
Step 3: UL sub-frame mapping

For all the PRACHs allocated to a half frame, we propose to map them from the last to the first available UL sub-frame repeatedly. This can relatively reduce the interference from downlink signal of neighboring cells when the number of total available PRACH is small. This mapping formula can be expressed as
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Where the value of 
[image: image32.wmf]2

RA

t

 indicates a relative location among UL sub-frames in a certain half frame, from which PRACH mapping starts.  For example 
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represent the first UL sub-frame in half frame and then PRACH mapping starts from first UL sub-frame and end at 2nd or 3rd UL sub-frame depending on preamble format.

In sum, above time location mapping method can be summarized as the following equations
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Where

· Result of radio frame mapping is denoted by 
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 represent that the PRACH is mapped to every, even and odd radio frame respectively.
· Result of half frame mapping is denoted by 
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 represent that the PRACH is mapped to the first and the second half frame respectively
· Result of sub-frame mapping is denoted by 
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 and relative location in UL sub-frame of a half frame is applied, for example 
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represent the first UL sub-frame of a certain half frame.
· 
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is the number of version for a certain <preamble format, density> pair.
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· 
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 is density for a certain preamble format and is signaled to UE through PRACH configuration signal.
· 
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is the number of UL sub-frame occupied by a certain preamble format. For preamble format 4 it equals to 1
· 
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 denote the first and the second half frame respectively. For preamble format 4 it equals to 1
· 
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represents the number of PRACH which can be held by half frame 
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without frequency multiplexing.
· 
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 is the number of switching point in a radio frame.
2.2. Frequency Location Mapping
After time location mapping, the only thing is how to map those PRACHs, which are located in the same UL time domain resource, to frequency resource. Based on the agreement that for both long and short PRACH, same frequency resource is occupied by PRACHs among neighboring cells, i.e. no FDM among neighboring cells for PRACHs, we tend to discuss frequency domain mapping method for short and long PRACH respectively since normal UL sub-frame differs with UpPTS greatly.
For Long PRACH
In RAN1#52bis it has been decided that SRS is transmitted on the last symbol in normal UL sub-frame, so the mutual interference between long PRACH and SRS is negligible when we consider the frequency domain mapping method, which further implies that there would be no mutual restriction between long PRACH and SRS. Consequently for long PRACH we desire the following rules

· detach PRACHs to both sides of the available bandwidth uniformly, and

· map the PRACHs belonging to different cells to the same frequency bands, 

Which help to 

· obtain some frequency diversity gain,

· reduce PRACH IoT for synchronized TDD system, and

· avoid segmenting frequency resource.

Then the mapping method for long PRACH can be formulated as 
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Where

· 
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 is the index of PRACHs mapped to identical time location specified by 
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 is the number of PRACHs with version index r and mapped to  identical   time location specified by 
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 indicates the first available RB for PRACH mapping in the lower side of the available system bandwidth, whose value is recommended as 

· 0 for 1.4MHz system bandwidth

· For other cases, it can be the first RB next to PUCCH.

· 
[image: image62.wmf]RA
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 indicates the first available RB for a certain PRACH.
For Short PRACH

Unlike long PRACH, short length of preamble, CP and GT makes mutual interference between SRS and short PRACH more severe, so SRS and short PRACH should be FDM-ed when they co-exist in UpPTS. 
On the other hand, to save the relatively rare UL resource of TDD system, it is expected that SRS can be transmitted only in UpPTS, which requires the whole bandwidth in UpPTS has opportunity to send SRS. So a viable frequency mapping method for short PRACHs placed in a certain UpPTS and belonging to a certain cell would be single side mapping combined with contrary order for adjacent UpPTS as shown in Fig 1.
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Fig 1 Frequency Mapping Example for Short PRACH
Moreover it has been decided that to reduce latency, while performing handoff, there is no need for UEs to read PBCH in target cell to obtain SFN message before sending PRACH. As a result, 
· For the case of two switching points in a radio frame, above frequency mapping method would be fine since the frequency mapping result in the two adjacent radio frames is completely identical as shown in Fig 1-(A)
· For the case of one switching point in a radio frame, the frequency mapping result in the two adjacent radio frames is not identical according to above method as shown in Fig 1-(B), which requires SFN even/odd message in target cell while performing handoff. To resolve this problem, two options appear in this case
(1) modify above mapping method and restrict identical mapping manner for all radio frames in this case, which require normal UL sub-frame to be used to send SRS if eNB wants to know channel information of the RBs occupied by short PRACH. Then the mapping formula can be same as long PRACH, i.e. formula (6)
(2) maintain above mapping method and restrict SFN even/odd synchronization for all cells in this case, i.e. at a certain time SFN in all cells should be even or odd.
For above options, we prefer option 2 because 

· the SFN even/odd synchronization limitation is inextricable since supporting D = 0.5 PRACH/10ms for both long and short PRACH has been agreed, and
· for the case of one switching point in a radio frame, UL resource is more rare compared with the case of two switching points, for example the maximum number of normal UL sub-frame would be only 3, so this limitation is much worthy.
According to above analysis, the frequency mapping formula for short PRACH is proposed as
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where 
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is system frame number and other parameters are identical with formula (6).
Benefits

Now the exact time/frequency mapping result for TDD PRACH can be expressed as
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 is determined by (5) and frequency location 
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 is determined by (6) and (7) for long and short PRACH respectively. For this mapping algorithm, we can achieve the following benefits

· efficiently distribute all the available PRACHs in time domain because the best time diversity is applied  in any time mapping level, i.e. radio frame, half frame and sub-frame mapping.
· less interference from downlink signal of neighboring cells when the number of UL sub-frames occupied by PRACHs is small relative to the number of the total UL sub-frames in a half sub-frame.

· in time domain, the PRACHs belonging to one cell are mapped to the UL sub-frames or UpPTS in a RA period as uniformly as possible to reduce excess RA delay.
· in frequency domain, the PRACHs belonging to one cell and mapped to same side of the bandwidth are adjacent to each other to avoid segmenting frequency resource, which helps to allocate frequency resource flexibly.
· for long PRACH, the PRACHs for different cells overlap each other in frequency domain, this will decrease long PRACH IoT.
· for short PRACH, the frequency mapping method formulated as (7) makes it possible to transmit SRS only in UpPTS, which can save the rare UL resource of TDD system.
· The frequency mapping method for both long and short PRACH allows for achieving frequency diversity gain for retransmission.
Finally we further explain the proposed mapping method through one concrete example. Before that, let’s assume (r, d) denote the PRACH with version r and RA opportunity index d (or density index). 
Example

For preamble format 0, when R=3 and D=4, PRACH index 
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will correspond to (0, 0), (0, 1), (0, 2), (0, 3),  (1, 0), (1, 1), (1, 2), (1, 3), (2, 0), (2, 1), (2, 2), (2, 3) respectively. The mapping result is shown in Fig 2. If the PRACHs with r = 0, 1, 2 are allocated to cell 0, 1, 2 belonging to a certain eNodeB, we can see the PRACHs for one cell will be distributed uniformly in time domain, which will reduce the unnecessary RA delay.
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Fig 2 Mapping Result of Example 1

For clarifying the frequency mapping process, we take PRACH (0, 0) and (1, 2) as an example since their time locations are identical. For PRACH (0, 0),
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 and for PRACH (1, 2),
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, so the frequency location 
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 of these two PRACHs is identical and equals to 2 if assuming 10MHz system bandwidth and 
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, i.e. PUCCH occupy 2 RBs. The identical time and frequency location of these two PRACHs which belong to different cells will decrease PRACH IoT and this frequency location also prevents frequency resource from being segmented.
3. Conclusion

In this contribution, time and frequency mapping method has been discussed and we propose the followings
· Formula (5), (6) and (7) are adopted in LTE specification TS 36.211 as time and frequency mapping algorithm for TDD PRACH

· SFN even/odd synchronization should be assumed when D = 0.5 PRACH/10ms and when there is one switching point in a radio frame.
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