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Introduction

A number of issues exist relating to PRACH preamble format 4.

Remaining issues are summarized below and explored in the following sections:

· PRACH preamble format 4 begins before the start of the UpPTS.

· The current specification ‘hardwires’ the eNB receive-transmit transition time to 20µs when deriving the frame timing for the transmission of PRACH preamble format 4. RAN4 has provided only provisional parameters for eNB receive-transmit transition time.

Furthermore some issues have been discussed prior to #55bis and work is ongoing to seek a resolution. This discussion covers:

· PRACH preamble format 4 frame timing.

· Within the same UE it is possible for a PRACH preamble format 4 to collide with PUSCH transmission.

The following discussion is divided between remaining issues and ongoing discussions. For the remaining issues a way forward is suggested.
Remaining issues

This section provides details of remaining issues concern PRACH preamble format 4.

PRACH preamble format 4 begins before the start of the UpPTS
Table 4.2-1 in 36.211 states that the UpPTS is 4384 Ts in length. Table 5.7.1-1 states the PRACH preamble format 4 has a total length (Cyclic Prefix and sequence length) of 4544 Ts, however section 5.7.1 expects the PRACH preamble format 4 to start 5158 TS before the end of theUpPTS. Therefore the PRACH preamble Format 4 overlaps the start of the UpPTS and begins in the GP 774 Ts (25.2µs) before the start of the UpPTS. The specification is therefore strictly incorrect given the statement that the PRACH Preamble Format 4 is transmitted in the UpPTS. The sentence from section 5.7.1 is highlighted below:
Table 5.7.1-4 lists the mapping to physical resources for the different random access opportunities needed for a certain PRACH density value, 
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indicates whether the resource is reoccurring in all radio frames, in even radio frames, or in odd radio frames, respectively, 
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During meeting #51bis (January 2008, Seville) contribution R1-080584 was accepted specifying a TCP for preamble format 4 of 448 TS. Discussion in R1-080521 leading up to this decision recommended a TCP of 228 TS. This proposal would have ensured the preamble format 4 would have occupied exactly the 2 OFDM symbols duration of the UpPTS.

Suggested way forward:

There are three options:

· Shorten the preamble sequence.

· Shorten the cyclic prefix.

· Add a note to the specification acknowledging that the PRACH preamble format 4 begins in the GP.

It is suggested that a modification is made to the specification to indicte that the PRACH preamble format 4 begins before the start of the UpPTS. The start of the PRACH preamble format 4 will therefore begin in the GP 25.2µs before the start of the UpPTS, based on current numerology.

Table 5.7.1-4 lists the mapping to physical resources for the different random access opportunities needed for a certain PRACH density value, 
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] before the end of the UpPTS at the UE. Note that the preamble format 4 begins 774 Ts before the start of the UpPTS since the UpPTS is 4384 Ts in length, according to Table 4.2-1, and the preamble format 4 begins [5158 Ts] before the end of UpPTS.
eNB receive-transmit transition time
The eNodeB Rx-Tx switching time of 20µs is ‘hardwired’ in the specification when used to derive the frame timing for the transmission of PRACH preamble format 4. However the specification in RAN4 for the final values of turnaround time are not finalized so the question remains on how to remove the square brackets in the RAN1 specification? The current value in 36.211 of 20µs is taken from an LS to RAN1 from RAN4 [1]. This value is given as provisional and quoted in [1] as:

2.  RAN1 kindly asks RAN4 of its opinion on practical values for the necessary switching times between UL reception and DL transmission (and vice versa) at the eNodeB.

a) eNodeB UL reception to DL transmission: 

-
less than 20 us is feasible (down to 10 us)

b) eNodeB DL transmission to UL reception: 

-
10-15 us 

Suggested way forward:
In light of no definitive value for eNodeB Rx-Tx switching time then the value should not be specified.

Suggested text for section 8.1:

“Transmission of the uplink radio frame number 
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 = 614] for frame structure type 2 is the eNB receive-transmit transition time. Note that not all slots in a radio frame may be transmitted. One example is TDD, where only a subset of the slots in a radio frame is transmitted.”
Furthermore the value stating in section 5.7.1 of 36.211 detailing when the PRACH preamble format 4 is transmitted will require modification since this has embedded within it a value for eNodeB Rx-Tx switching time.

Ongoing discussion

This section provides details of ongoing discussion of the issues concern PRACH preamble format 4.
PRACH preamble format 4 frame timing requires clarification
The specification states that the PRACH is aligned with the start of the uplink subframe from the perspective of the UE with no timing advance. PRACH Preamble format 4 is different to other PRACH transmissions in that it appears in the UpPTS and its transmission is relative to the end of the subframe.

There is an ambiguity in specification 36.211 concerning frame timing for the PRACH preamble format 4. The specification is open to various interpretations. The sentence in question is taken from section 5.7.1:
“The start of the random access preamble formats 0-3 shall be aligned with the start of the corresponding uplink subframe at the UE assuming NTA = 0 and the random access preamble format 4 shall start [5158Ts] before the end of the UpPTS at the UE.”

Furthermore section 8.1 states:

Transmission of the uplink radio frame number 
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With reference to the italicized sections above, the interpretations concerning timing advance (relative to the UEs downlink receive timing reference) applied to PRACH preamble format 4 are:
1. PRACH Preamble format 4 is time advanced by only 20µs (from the 20µs embedded in the value of 5158 Ts defined in the quoted sentence, i.e. 5158 - 4544 = 614 Ts = 20µs).
2. PRACH Preamble format 4 is time advanced by 40µs (20µs embedded in the value of 5158 Ts AND the 20µs defined in 8.1 of the same specification – given by the NTAoffset value).
3. PRACH Preamble format 4 is time advanced by 20µs PLUS NTA + NTAoffset (20µs embedded in the value of 5158 Ts AND the TA value AND the frame timing offset as defined in section 8.1).
PRACH preamble format 4 collision with PUSCH in the same UE
Figure 1 presents an illustration of an issue related to PRACH preamble format 4 collision with PUSCH following in the same UE. Based on any of the three interpretations of the frame timing applied to the PRACH described in the section above then when an UpPTS (containing the PRACH preamble format 4) is followed by a PUSCH, and applying the timing advance as defined in the specification, then transmission overlap occurs – and shown in the red in the lower figure.
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Figure 1 An illustration of PUSCH colliding with PRACH preamble format 4 in the same UE. The extent of collision overlap is equal to TRTT.
Conclusion

To resolve the issues in the current version of the 36.211 specification concerning PRACH preamble format 4 RAN1 is encouraged to consider the issues raised in this document and adopt an appropriate way forward based on the recommendations.
References

[1] R1-081181 Response to LS on switch time requirements for LTE TDD; RAN4, R4-080535, February 2008.
_1271863979.unknown

_1271864093.unknown

_1292423763.unknown

_1271864031.unknown

_1223655259.unknown

