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1. Introduction
In RAN WG2 meeting#63 in Jeju, it was decided that the Pathloss measurement would be used as radio-link metric for preamble group selection in the Random Access procedure. This decision is communicated to RAN1 in the LS [2]. In this contribution, we confirm this decision and elaborate on the possible ways to specify the related pathloss threshold parameter.
2. Problem statement and discussion
Most of the time, the eNB is not aware of the use-case that triggered a Random Access procedure, nor is it aware of the UE’s buffer status. In absence of any information, the eNB can only allocate blindly one single standard resource for the first transmission on the PUSCH following a successful RACH preamble attempt, also referred to as message 3 of the Random Access procedure. The maximum message 3 size a cell-edge UE can afford in the worst-case coverage situation is 80 bits [5]. It was further shown in [4] that this particular transmission sets the limits of the overall LTE UL coverage. However, even in such scenario, it would be unnecessarily restrictive to impose this unique minimum transport block size (TBS) for message 3 to all UEs in the cell. As a result, two message sizes, or TBSs, are considered for message 3, namely a “smaller” message size, MESSAGE_SIZE_GROUP_A [5], and a “larger” message size, MESSAGE_SIZE_GROUP_B
. The UE indicates which of the two TBSs is more appropriate based on both the amount of data available for transmission and the radio conditions. For the latter aspect, RAN WG2 decided that the Pathloss measurement would be used as radio-link metric. Good progress was also made in RAN1 on the power control setting of message 3 [3], which can be summarized as follows:
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where:
· Pmsg3 is the UE’s transmit power for message 3 transmission
· PMAX is the maximum allowed power that depends on the UE power class

· NRB is the number of RBs allocated on PUSCH to message 3

· P0_PRE is the initial preamble transmit power

· ΔPREAMBLE-Msg3 is the nominal power gap between the preamble and message 3, signalled by the eNB

· PL is the downlink pathloss estimate calculated in the UE
· ΔPrampup is the power offset reflecting the accumulated optional power rampup of the preamble during potential retries

· δmsg2 is the TPC command indicated in the random access response
· ΔTF is an optional MCS-dependent power offset defined as: 
(2)


[image: image2.wmf]ï

î

ï

í

ì

×

×

=

=

-

=

D

UL

symb

RB

sc

25

.

1

10

TF

2

/

)

1

2

(

log

10

N

N

N

N

N

TBS

MPR

RB

RE

RE

MPR


where MPR is the modulation power ratio, NRE is the number of resource elements available in the allocated message 3 resource. ΔTF is a function of both the TBS and the number of allocated RBs.
The aim of setting the TBS of message 3 based on radio-link conditions is to prevent from choosing larger message 3 TBS, MESSAGE_SIZE_GROUP_B, leading to a required transmit power exceeding the maximum allowed power, PMAX. In other words, the larger message 3 size, MESSAGE_SIZE_GROUP_B, should only be selected by the UE under the below condition:
(3)
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where NRB-2 and ΔTF-2 are the number of RBs and the MCS-dependent power offset of message 3 of size MESSAGE_SIZE_GROUP_B. This translates into the following threshold on Pathloss, PARTITION_PATHLOSS_THRESHOLD [5], beyond which MESSAGE_SIZE_GROUP_A preamble group should always be selected:

(4)     PARTITION_PATHLOSS_THRESHOLD = 
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As shown in Equation (4), part of the information related to the message 3 allocation is not available at the UE when it prepares for preamble transmission:
· NRB-2: here it is questionable why would the eNB use different number of RBs when allocating different messages 3 of MESSAGE_SIZE_GROUP_B size. Practically, a common sense allocation will consist in using 1-RB allocation for MESSAGE_SIZE_GROUP_A and 2-RB allocation for MESSAGE_SIZE_GROUP_B. Some flexibility could be envisioned to allow for different settings in different cells or at different times, but such flexibility does not seem to be justified on a sub-frame basis so that we consider NRB-2 is a semi-static parameter in the eNB.
· ΔTF-2, when applied, is a function (2) of MESSAGE_SIZE_GROUP_B and the number of allocated RBs for message 3, NRB-2, so given MESSAGE_SIZE_GROUP_B is known, by the eNB, the same above discussion on NRB-2 applies.
· ΔPrampup: RAN4 has specified conformance tests on the PRACH preamble choosing an operational point for the probability of missed detection of 1% [1]. Under this assumption, only 1% of preambles will ramp-up their power, which can be neglected here.
· δmsg2: this is TPC command conveyed by Random Access Response (RAR) that neither the UE nor the eNB can predict before preamble transmission. Ignoring this parameter only has a coverage impact for message 3 when δmsg2 > 0, i.e. the TPC requests the UE to increase its power for message 3 transmission, which may cause erroneous MESSAGE_SIZE_GROUP_B selection when MESSAGE_SIZE_GROUP_A would have been safer. However the percentage of occurrence of this event depends on the range of δmsg2 which has not been defined yet. Moreover, we believe that a cautious usage of δmsg2 should be foreseen anyway as, in most practical cases, the instantaneous fading nature of the preamble disallows any accurate long-term power estimation, so correction. Finally, one can stay on the conservative side by provisioning some Pathloss margin for this potential correction.
In conclusion, the above information can be signalled by the eNB in a single parameter not exceeding 2-3 bits, referred to as RACH_MSG3_THRESHOLD, computed as follows:
(5)
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It follows that the resulting condition under which the UE can select MESSAGE_SIZE_GROUP_B size for message 3 transmission is:
(6)
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where the terms at the right side of the equation are all available at the UE before preamble transmission. The parameter RACH_MSG3_THRESHOLD should not exceed 2-3 bits and is either broadcasted on SIB or hard-coded in the specification. The former case provides some flexibility to the network in using different values for MESSAGE_SIZE_GROUP_B and NRB-2 at different times and in different cells. In the latter case, the value of RACH_MSG3_THRESHOLD should be specified from (5) using a default value for MESSAGE_SIZE_GROUP_B and NRB-2.
3. Conclusion

In this contribution, we acknowledge the use of the Pathloss parameter as a radio-link metric in the preamble group selection decided in [2]. We further refine the condition criterion, taking into account the most recent RAN1 decisions on the power control of the message 3 of the Random Access procedure and provide an example of Pathloss threshold computation at the eNB.
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� Only MESSAGE_SIZE_GROUP_A needs to be either broadcasted on SIB or hard-coded in the specification.
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