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1. Introduction

The set of preambles used in E-UTRA for contention based RACH is divided into 2 sub-sets [1]. The choice of a preamble from one of the groups by the UE indicates the message 3 allocation expected from the eNB [1]. Although, the stage 2 TR [1] provides guidelines, the current MAC specification for E-UTRA [2] does not yet fully define the method for choosing one of the preamble groups. In this contribution, we propose a mechanism for a UE to choose the preamble group for RACH transmission. The choice is based on the expected message 3 size and the radio conditions at the UE as per [1]. We propose to have a UE choose a preamble group with larger message 3 size depending on good radio conditions and the utility of a larger message 3.
The rest of this contribution is organized as follows. In section 2, we discuss the impact of radio conditions on possible physical resource allocations for message 3. In section 3, we discuss the 5 RACH access causes and potential message 3 sizes. Section 4 outlines the proposal for preamble group selection based on the motivation of section 2 and 3. We conclude in section 5 with a summary of the proposal.
2. Radio condition and message 3 allocation possibilities
The radio conditions at a UE affect the power it can direct to physical (channel) resources. The E-UTRA system is designed for cell edge UEs to be able to transmit data at maximum power only in a single resource block. In earlier discussions in RAN2, there has been a decision to have the smallest message 3 size of at least 80 bits. In the analysis earlier in RAN2, it was pointed out that 72 bits was a good target size for a single RB message 3 at the cell edge, and that 80 bits reduces the reliability a bit. Given that a single RB is the maximum physical resource that can be utilized by cell edge UEs and those with bad radio conditions, we propose that:
Proposal 1. If the measured pathloss at the UE is greater than a threshold, the UE should seek a single RB allocation for message 3 in RACH. This should be the minimum message 3 allocation. 
If the radio conditions are better so that more than 1 RB can be used for transmission by the UE, then it should seek a larger sized message 3. While a UE can make use of a large message 3 by potentially transmitting data in certain cases, a very large message 3 could waste bandwidth since contention is not resolved at message 3 transmission. Thus, if the radio conditions are good (if the pathloss is less than a threshold) at the UE, the UE should seek a larger message 3 size than the minimum message 3 size if it can fill up the message 3 for more than the minimum message 3 size. 
3. Message 3 sizes for various RACH access causes
As [1] and [2] point out, there are 5 causes that lead to RACH access. Below, we briefly discuss each of them with respect to the message 3 size required or useful. 

1. RRC_Connection_Establishment: The message 3 in this case is a CCCH SDU ‘RRC Connection Request’, which is of size 48 bits. Adding 24 bits for CRC and 1 bytes of MAC header leads to the size of 80 bits. Note that this has also been RAN2’s agreement as the minimum message 3 size. 
2. RRC_Connection_Reestablishment: The message 3 in this case is also a CCCH SDU; ‘RRC Connection Re-establishment Request’, which is also of the size 48 bits. Adding CRC and the MAC header leads to the size of 80 bits. 
3. Handover: The contention based Handover RACH access carries the following MAC SDUs and CEs.
a. CRNTI CE: 16 bits CRNTI + 1 byte MAC header = 3 bytes = 24 bits
b. DCCH HO Complete message: Since this can be fragmented, this access cause can really have variable sized allocation. A minimum of 1 byte is required for the MAC sub-header for this SDU.
c. BSR: A UE sends a BSR in the target cell in message 3 if required. A long BSR requires 24 bits, while a short one requires 8 bits, and an additional MAC sub-header of 1 byte is required in each case. 

Given the above components of possible message 3 contents, and 24 bits CRC, it is likely that message 3 for the Handover case can use a larger allocation than 80 bits. Also note that potentially data and PDCP status reports etc. may also be sent in message 3 if possible.
4. DL Data resuming: The contention based RACH access for DL data resuming would need to carry only a CRNTI CE for contention resolution. This would be 48 bits including CRC.
5. UL Data resuming: This access cause will carry the following elements in RACH message 3.
a. CRNTI CE for contention resolution: 24 bits with MAC sub-header.
b. Potentially a long or short BSR with a sub-header: a short BSR = 16 bits, and a long BSR = 32 bits. 
Thus, with CRC, the size would be 64 or 80 bits. Given that UL data is pending, theoretically, data can also accompany the other components of message 3. Thus an allocation greater than 80 bits might be beneficial.
As we observe above, depending on the access cause, the requirement of message 3 allocation size could be different. Handover and UL data arrival causes can potentially use a larger message 3 size than the other 3 causes, which would be fine with a size of 80 bits.

Proposal 2.If the access cause is RRC Connection establishment or re-establishment or DL data arrival, the message 3 size sought by the UE should be the smaller one of the two possible. For the other cases, the message 3 size sought should be larger if allowed by radio conditions.

In next section, we consider both the radio conditions, and the access cause, and propose a mechanism for a UE to select an appropriate message 3 size, and in turn the preamble group.
4. Preamble group selection method
Proposals 1 and 2 outline the affect of radio conditions and access causes on message 3 size that should be sought by a UE during contention based RACH access. We propose the following mechanism that combines the implications of proposal 1 and 2 into a unified approach. 
The preamble group selection method

If the radio conditions as measured by the pathloss are worse than a threshold, the UE seeks the smaller message 3 size regardless of the access cause. If the radio conditions are better than the threshold though, the UE seeks the smaller message 3 size in the case of access causes: initial RRC Connection establishment, RRC connection re-establishment, and DL data arrival. For the case with better than threshold radio conditions and access causes of Handover and UL data arrival, the UE seeks the larger message 3 size. The UE chooses a preamble group corresponding to the message 3 size that it seeks. 

While the choice of 1 RB for the smaller message 3 size can be explained with the power limited nature of cell edge UEs, whether to allocate the larger message 3 over 1 RB or 2 RBs is still an issue. We propose that this allocation is over 2 RBs with the aim of having the same target reliability (MCS) for the larger message 3 as that for the smaller message 3. 

We also propose that the message 3 allocations be as follows:
1. The smaller message 3 size is so that it exactly carries the CCCH SDU for RRC Connection Establishment request. Currently, it is 80 bits including the CRC. The allocation is also in a single resource block with an allocated MCS.

2. The larger message 3 size is at least double the smaller message 3 size, and the allocation is over 2 RBs with an allocated MCS. A suggested value is 160 bits including CRC.  

The following is the proposal in the pseudo-code format:
if (radioPathloss > radioPathlossThreshold)

/*radio conditions are bad */

{

message3Size = message3Size1;

preamble group1, which implies the smaller message 3 size, is chosen 
}

else  /* radio conditions are good

{

If (access cause == RRC Connection Establishment Request, or RRC Connection Re-establishment Request, or DL Data Arrival)


{


message3Size = message3Size1;

preamble group1, which implies the smaller message 3 size, is chosen

}


Else



{



message3Size = message3Size2;

preamble group2, which implies the larger message 3 size, is chosen

}


}

 At the eNB side, if it detects a preamble from preamble group1, it allocates for the smaller message 3 size, and allocates for the larger message 3 size on detecting a preamble from preamble group 2. 
If (preamble detected belongs to preamble group 1)

{


Message 3 allocation is over 1 RB and the MCS is RACH_MCS

Message 3 size including CRC is 80 bits (or whatever size exactly fits the RRC Connection Establishment Request CCCH SDU)

}


Else if (preamble detected belongs to preamble group 2)


{


Message 3 allocation is over 2 RBs and the MCS is RACH_MCS
Message 3 size is consequently double the size of message 3 size if preamble group 1 was selected
}
5. Conclusion
In this contribution, we proposed a mechanism for a UE to select a preamble group during the contention based RACH access. The proposed mechanism considers both the message 3 size expectations for the various access causes, and the radio conditions at the UE to choose a preamble group. The choice of the preamble group in turn defines the message 3 allocation size from the eNB. According to the proposal, a UE chooses the preamble group corresponding to the smaller message 3 size if its radio conditions are bad, or if its access cause is one of RRC Connection Establishment Request, RRC Connection Reestablishment Request, or DL data arrival. For the access causes of Handover and UL data arrival, the UE chooses the preamble group corresponding to the larger message 3 size if the radio conditions are good. We urge RAN2 to accept the proposal in this contribution.
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