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1 Introduction
Discussion has been ongoing on the transmission timing of the non-synchronised RACH channel for TDD frame structure type 1.  The particular issue seems to have been whether or not the timing should be advanced with respect to the sub-frame boundary viewed from the UE side.
It has been suggested that the transmission timing should be advanced by an amount equal to the eNode-B switching time between uplink and downlink (T_ud).  Since this value is dependent upon the eNode-B design, the stated intention was to signal this value on the BCH for the UE to use when setting the RACH transmit timing.  Some discussion has arisen on the potential for this to create UE-UE and eNB-eNB interference situations.
In this document we look at the availability of switching times at eNB and UE for a non timing advanced RACH and investigate whether or not this has any impact on cell size on top of the RACH design constraint.

2 Description
The RACH contains a 97.4μs guard time, sufficient in theory for operation in cells up to 14.6km.  It also contains a 102.6μs cyclic prefix.  Consider the scenario of figure 1 where a RACH transmission is sandwiched between two downlink sub-frames.  The RACH transmission starts at the beginning of the uplink sub-frame as viewed from the UE’s frame timing perspective.  Grey areas are idle period or guard time, orange represents the RACH CP and available switching times for the eNode-B and UE are marked by the red arrows.  Note that the diagram is not to scale and that for simplicity, multipath is not specifically considered.
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Figure 1 – RACH transmission/reception timing (DL – RACH – DL)
It is observed that:

· The UE has a period of time equal to the idle period length to switch between DL and UL
· The UE has a period of time equal to the RACH guard time to switch between UL and DL

· The eNode-B has a period of time equal to the idle period length plus approximately 100μs (depending on the exact positioning of the receiver/FFT window) to switch between DL and UL
· The eNode-B has a period of time approximately equal to 100μs (depending on the exact positioning of the receiver/FFT window) to switch between UL and DL
The minimum available switching time is the UE DL-to-UL which could (for one OFDM symbol with short CP) be equal to 71.4μs.  However, even this is a great deal larger than practical and achievable switching times.

As such, from the above it would appear that for this framing configuration, available switching times are ample for both eNB and UE in all cases and switching times do not restrict the cell size when considering RACH.  This is limited primarily by the RACH guard time and CP.
We then consider the situation in which RACH is followed by a timing-advanced uplink shared channel (itself then followed sometime later by downlink) – see figure 2.  The likelihood of this situation occurring from the UE perspective in the real system is not clear (i.e. it may not be required by higher layers that RACH transmission is followed by PUSCH), however, this situation obviously does occur at the eNB.  In figure 2, two cases are shown; one in which the same UE transmits both RACH and PUSCH, and one in which RACH and PUSCH are transmitted by different UEs.  The timing advance applied to PUSCH is the maximum possible for a preceding non-timing-advanced RACH, and is equal to the RACH guard period length which should itself be dimensioned to accommodate at least 2xTp.  The maximum allowable propagation delay Tp is slightly less for the case in which the same UE transmits RACH then PUSCH due to the need to create the necessary UL/DL switching time at eNB.  Assuming that eNB switching times can be of similar size to the PUSCH CP (this is considered reasonable) there is no such impact on the maximum Tp due to eNB switching time in the case that the RACH and PUSCH are transmitted by different UEs.  If eNB switching times are significantly larger than the PUSCH CP, there will be some corresponding reduction in the maximum allowable propagation delay (and hence cell size) for RACH.  Sensible eNB design should ensure that this effect is negligible.
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Figure 2 – RACH transmission/timing (DL – RACH – UL – DL)
Lastly, we consider the scenario where RACH is preceded by an uplink sub-frame and followed by downlink.  This is shown in figure 3.  The UE has a period of time equal to the RACH guard period to switch from Tx to Rx.  The eNB also has a period of time equal to the RACH guard time to switch from Rx to Tx.
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Figure 3 – RACH transmission/timing (UL – RACH – DL)
3 Conclusion
For TDD frame structure type 1 and a non-timing-advanced RACH, there appears to be sufficient switching time at both UE and eNB with regards to RACH transmission/reception.  Reasonable switching times in general do not significantly restrict cell sizes any further than dictated by the RACH design itself.
Only two instances have been identified in which switching time (at the eNB) could reduce the cell radius below that dictated by the RACH design.  Both occur only when RACH is followed by UL-SCH:

1. In the case that a UE is required to transmit a RACH which is then immediately followed by PUSCH, the supportable cell radius (for that UE) would be reduced due to the eNB UL/DL switching time.  At most the reduction would be of the order of a few % assuming a reasonable eNB design.  However, it is not clear whether transmission of adjacent RACH/PUSCH by the same UE in one radio frame would be required by higher layers and as such this case may not occur in practice.
2. In the case that the eNB switching time is larger than the PUSCH CP, the supportable round-trip delay for RACH is reduced by their time difference.  This effect is only considered to result in a significant reduction in cell size for unreasonably slow switching times and is therefore thought to be an eNB implementation issue.

Placing the RACH such that it does not precede an uplink sub-frame would avoid both of the above.

We therefore recommend that RACH transmit timing is fixed in the standard to commence at the start of the corresponding uplink sub-frame as viewed from the UE’s Rx timing perspective.  This would equate to the envisaged operation for FDD and would therefore help to minimise differences between the two modes.

This would indicate that there is no specific need to signal a RACH timing advance value on BCH.
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