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1.
Introduction
According to the discussion in the RAN2 #63bis about the TDD PRACH selection issue, it is still possible for “looking at alternative procedures for TDD PRACH selection, with a wider scope than the simple 'time then frequency”. In this contribution, we provide fixed association approach. We aim to make out a solution based on the tradeoff of the below performance targets:
· Maximize RACH capacity and balance the load as much as possible, i.e. all PRACH should has almost same selection probability;
· Provide low average and maximum delay for PRACH selection.
Besides of above targets, we also take below principle into account: 
· A single solution for all kinds of TDD PRACH configurations is preferred for Rel-8.
2.
Fixed association approach
NOTE: the “fixed” here means each subframe where the UE is ready to send msg1 has a relative fixed (deterministic) association to its corresponding PRACH resource.
For certain PRACH configuration, the UE determines "PRACH selection window" which is a 10ms window and repeated cyclically. When the UE decides to launch a contention-based RA attempt, it determines the associated PRACH resource according to the position of the current subframe. For a subframe with serial number x (x=0,1,..,9) in a "PRACH selection window", the associated PRACH resource in the "PRACH selection window" shall be with serial number = Floor(x*n/10), where, x is the serial number of current subframe. All subframes in a “PRACH selection window” are numbered from 0 to 9 in ascending order of time; and all PRACH resources in a “PRACH selection window” are numbered from 0 to n-1 (n≤6) in ascending order of frequency first and then time.
The beginning of the "PRACH selection window" is determined as below:
-          if there exist only one PRACH-set with biggest size in a frame, then the beginning of the window is the next subframe to the end of this set;
-          else: the beginning of the window is the next subframe to one of the biggest PRACH-set with longest interval to next PRACH-set.
Where, PRACH-set is a set of a lot of PRACH resources which are in the same subframe or in consecutive subframes. The size of a PRACH-set is the number of PRACH resources in it.
As an exception, if there is only one PRACH resource within one or two frames, the UE always selects the next available PRACH resource.

Figure 1 illustrates an example: there are n=3 PRACH resources in a radio frame; the 10ms “PRACH selection window” is started at the subframe just after the biggest PRACH-set which includes PRACH resource #1 and #2. 
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This approach can provide relative good performance for both load balance and short delay if the random accesses are uniform arrival distributed. To simplify implementation, the fixed association between PRACH resources and subframes can be pre-established once the UE obtains the information of PRACH resource configuration from broadcast channel.
For some PRACH resource configurations, it is possible that uniform arrival distribution is destroyed for RA retry if backoff is not required. But we think it is not a big issue since the eNB is in charge of whether backoff is needed or not. The impact of non-uniform arrival of RA retry can be mitigated through the following agreement which is already captured in current specification:
-
if more than one PRACH resources are available in the same subframe (TDD), randomly select one. The random function shall be such that each of the allowed selections can be chosen with equal probability.
3.

Comparison and analysis
Besides of the average selection probability of each PRACH, the average and maximum delay will also be compared for different solutions. Let’s shortly describe the calculation of average and maximum delay with an example: if there is only one PRACH during 10ms, we assume the maximum delay is 9ms, the average delay is (9+8+…+2+1+0)/10 = 4.5ms, and the delay granularity is 0.01ms
Below comparisons are based on 4 TDD PRACH configurations used in [1]. Other approaches used in the comparison are defined in [4], and for convenience to understand, the definition of 3 main options in [4] is also included here:
1. Option 1: The UE selects the first available subframe containing PRACH resources. If the subframe contains more than one PRACH resource then a resource is selected at random.

2. Option 2: The UE selects the first available subframe containing PRACH resources. It then selects a PRACH resource at random from those available in the subframe and the following two subframes.

3. Option 3: UE randomly picks according to a uniform distribution among all the PRACH occasions available in the next N subframes which contain PRACH occasion(s). N is indicated system information SIB2, and 2 bits to represent {1, 2, 3, 4}. We select the N=2 due to it is the better choice than others i.e. N=3, 4 based on our observation.
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All TDD PRACH configurations with more than one PRACH in a frame are shown in the annex table for the convenience to check. 
Analysis:

· The option 1 still leads to big uneven load on the different PRACH resources in e.g. PRACH configuration A, B and D;

· As indicated in [1], the option 2 is usually good for only half frame has PRACH resources e.g., in PRACH configuration B; but it is not good for cases when both half frames have PRACHs. 
· The option 3 (N=2) could have good performance in equal probability for configurations B, C, and D, but the delay is higher than many other options. For configuration A, the probability for each PRACH is uneven (the highest is 0.25, the lowest is 0.07), if the N=3, the performance in equal probability is better than N=2, however, the average delay will increase to 2.63, and the maximum delay is 7ms, they are worse than many of other options. 
· The fixed approach and we think the loss of equal probability for any TDD PRACH configuration is small and acceptable:
· If there are 2 or 5 PRACHs within 10ms, each PRACH has equal selection probability;

· If there are 3 PRACHs within 10ms, the highest PRACH selection probability is 40%, the lowest is 30%;

· If there are 4 PRACHs within 10ms, the highest PRACH selection probability is 30%, the lowest is 20%;

· If there are 6 PRACHs within 10ms, the highest PRACH selection probability is 20%, the lowest is 10%;
4.

Conclusion
According to above analysis, we prefer fixed association approach because:
· It provides the best trade-off between higher capacity and lower delay;

· It can apply to all kinds of TDD PRACH configurations.
A draft CR based on fixed association approach is provided in [3].
References

[1] R2-085080, PRACH resource selection, Nokia
[2] 3GPP TS 36.211, V8.4.0, Physical Channels and Modulation
[3] R2-086352, CR for TDD PRACH selection, Huawei
[4] R2_08xxxx_draft report_TDD_PRACH_selection v2, Nokia
Annex: The TDD PRACH configurations layout based on the content of table 5.7.1-4 in TS 36.211[2]
In below table, there are 7 (i.e. 0~6) kinds of UL/DL configurations in x-axis; and 58 PRACH configurations indexed in y-axis (some of them are ignored here due to only one PRACH in one or two frames). The yellow colour cells are the PRACH subframes.
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Fig. 1: Example (26, 6) of TDD PRACH selection with fixed association approach 
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