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1.  Introduction
Current specification [TS 36.321] defines that the PRACH resource is selected randomly for the case that more than one PRACH is available in a given subframe. However, during the LTE study item, it was identified that PRACH selection using frequency selective channel characteristic is of benefit in TDD. Document [1] in RAN2 suggests the inclusion of channel characteristic based PRACH selection in the random access procedure for frame structure type 2 (TDD).
Given approval in RAN2 then the suggested text modifications presented in section 3 below may form the basis of a corresponding RAN1 CR.

2. Discussion
Section 9.1.2.1.1 and section 9.1.2.2 of [TR 25.814] describes the identified issues during the Study Item on non-synchronized random access for LTE. It was identified that the use of frequency selective channel characteristics in the selection of physical RACH resources can improve performance in TDD. The relevant sections from [TR 25.814] are given below:
From section 9.1.2.1.1
“Multiple 1.25MHz random access channels might be especially useful for selecting a best block using frequency selective channel characteristics (TDD mode)” [Note that the current PRACH bandwidth is 1.08MHz not 1.25MHz]
From section 9.1.2.2

“In unpaired spectrum, system capacity may be improved through the use of localised FDMA contention-based access channels. The UE may select the access channel based upon knowledge of the channel state information measured on a recent downlink sub-frame”
.According to the current specification, PRACH selection is carried out in the MAC layer. However, for the channel characteristic based PRACH selection it is envisaged that the PRACH selection is better performed at PHY. Therefore, after selecting a preamble and the next available RACH occasion, the set of PRACHs corresponding to the next available RACH occasion is passed to the PHY. The physical layer selects the best PRACH according to the DL channel characteristic. Note that in TDD, the DL channel characteristic observed by the UE can be used as an estimate of UL channel quality considering the channel reciprocity behavior of TDD.
The selected PRACH by PHY is signaled back to MAC to assist the random access response reception.
Currently PRACH selection is sub-optimal. The suggested procedures reduces the UE transmit power, consequently reducing inter-cell interference and reducing the overall delay in the random access procedure. The RACH procedure for FDD is not affected.
3.
Proposed text modifications
6.1
Physical non-synchronized random access procedure
From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access preamble and random access response.  The remaining messages are scheduled for transmission by the higher layer on the shared data channel and are not considered part of the L1 random access procedure.  A random access channel occupies 6 resource blocks in a subframe or set of consecutive subframes reserved for random access preamble transmissions. The eNodeB is not prohibited from scheduling data in the resource blocks reserved for random access channel preamble transmission.

The following steps are required for the L1 random access procedure:

1. Layer 1 procedure is triggered upon request of a preamble transmission by higher layers.

2. A preamble index, a target preamble received power (PREAMBLE_RECEIVED_TARGET_POWER), a corresponding RA-RNTI1 and a PRACH resource1 are indicated by higher layers as part of the request.
Note 1: For Frame structure type 2 where more than one PRACH resource is available in a subframe, higher layers shall indicate a set of available PRACH resources and a set of corresponding RA-RNTIs. The physical layer shall select the PRACH resource with the lowest corresponding downlink pathloss estimate from the indicated set and shall report the associated RA-RNTI for the selected resource to higher layers.
3. A preamble transmission power PPRACH is determined as 
PPRACH = min{Pmax,  PREAMBLE_RECEIVED_TARGET_POWER + PL}, where Pmax is the maximum allowed power that depends on the UE power class and PL is the downlink pathloss estimate calculated in the UE.

4. A preamble sequence is selected from the preamble sequence set using the preamble index.

5. A single preamble is transmitted using the selected preamble sequence with transmission power PPRACH on the indicated PRACH resource.

6. Detection of a PDCCH with the indicated RA-RNTI is attempted during a window controlled by higher layers (see [8], clause 5.1.4). If detected, the corresponding PDSCH transport block is passed to higher layers. The higher layers parse the transport block and indicate the 20-bit UL-SCH grant to the physical layer, which is processed according to section 6.2.

4.
Conclusion
In this contribution, a possible approach to include the selection of PRACH resources based on frequency selective channel characteristic in random access procedure is discussed. RAN1 is requested to review the proposal pending the decision in RAN2.
5.
References
[1]  R2-085118, “Correction of presence of multiple PRACHs and PRACH selection”, RAN2#63bis, NextWave Wireless, IPWireless
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