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1. Introduction
A text proposal summarizing the current definition of the Random Access Channel for E-UTRA was agreed by most companies in RAN WG1 #44-bis meeting in Athens [1]. A number of options remain open though, an important one being the Random Access procedure where two approaches are captured in the TP. The difference between the two approaches reduces to whether the scheduling request information is sent in first place with the preamble or in a 2nd step. In this contribution, we propose and give performance results of a hybrid approach where a short amount of information can be extracted from the preamble and the remaining is sent in a 2nd step. The solution is discussed for non-synchronized Random Access only.
2. Scheduling request payload
In previous contributions on that topic, the following information fields have been identified as part of a scheduling request during the Random Access procedure:
· Random Access cause [2] [3] [9] (3bits)
· UE identifier (CRNTI or random) [2] [4] [9], (12-14bits)
· Capacity request [2] [4] [9] (bits?)
· DL CQI [4] [9] (2bits).
When transmitted as “bits” in a Random Access message, a (12-bit) CRC field also needs to be added to the above fields, leading to a total of ~ 30 to 40 bits to transmit.

3. Random Access procedure options
The 2 approaches captured in the current TP for the Random Access procedure are summarized in below figures [1]:
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Figure 1: Approach 1 (left) and 2 (right) for Random Access procedure
In approach 1, a message containing the scheduling request is attached to the preamble whereas the scheduling request is sent in a 2nd step on the SCH in approach 2.

4. Comparison with respect to performance and dimensioning criteria

When comparing both options with respect to overhead, latency, performance and bandwidth dimensioning criteria, it appears that approach 2 is the preferred choice for the Random Access procedure. This is further elaborated in the below sub-sections.
4.1. Overhead

Approach 2 requires less overhead than approach 1. For non-synchronized Random Access, simulations results presented by NTT DoCoMo [7] and Nortel [6] show that a 30 to 40 bit message needs to be 2 to 3 times longer than the preamble to get 5% to 10% BLER. It should be noted that this might be considered as optimistic since for consistency with preamble detection requirements assumed in parallel in the simulations, it should rather be in the 1% BLER range. As a result, the contention-based resource required to be reserved for Random Access should be more than 3 times larger with approach 1 than with approach 2. 
4.2. Latency
Approach 1 provides a shorter latency, but the difference is quite small in practice if we assume that the message is sent few TTI’s (say <5) after the preamble. It should be noted that, unlike in W-CDMA, the Node B has no other demodulation processing to do during the Random Access slots if a pure FDM/TDM multiplexing approach is used, which was the baseline assumption used for dimensioning in [1]. This allows the Node B reacting quickly to Random Access bursts and further enable considering short closed-loop latency in the procedure. Also, when transmitted on the SCH, the Random Access message can benefit from the HARQ process: in case of incorrect detection, an erroneous block re-transmission on the SCH is expected to be quicker than an unsuccessful Random Access burst retry.
4.3. Performance
Transmitting information on a contention-based channel is spectrally less efficient than on scheduled channels. Note this holds for both synchronized and non-synchronized Random Access. It should be further noticed that the message demodulation envisioned so far in approach 1 relies on the preamble for channel estimation. As the preamble is located before the message, this is less efficient for channel estimation than the pilot structure assumed in the sub-frame format of scheduled data [11], as elaborated in [6], [7].
4.4. Bandwidth dimensioning
Message and preamble call for different optimized bandwidth (2.5 and 5MHz respectively, [7]

 REF _Ref133809775 \n \h 
[8]) leading to some inefficiency when both are transmitted in the same resource block.
5. Hybrid solution

We define a hybrid solution based on approach 2, but where some information is carried in the preamble. This is made possible by enabling a 1-to-1 mapping of a given preamble detection with some information bits. Three dimensions used for identifying a preamble are available for that:

· Frequency resource block

· Time resource block

· Signature

5.1. Frequency dimension

The narrow band preamble (2.5 MHz) resulting from detection performance optimization [7], [8] leaves room for multiple potential preamble transmissions across the system bandwidth. However, this only applies to system bandwidths larger than 2.5MHz, so a simple 1-to-1 mapping of the frequency resource block with some information bits might not be practical and generic enough for all system bandwidths. As a result, it is preferred to let the UE select randomly a bandwidth resource for collision avoidance purpose. 

5.2. Time dimension

Reserving Random access time slots to pre-defined information bits will either increase the reserved resource overhead of Random Access for a given minimum latency performance or the other way around. Given both criteria a critical to maintain a good overall efficiency of the physical layer, we propose not to use the time dimension to map any information bit.
5.3. Signature dimension

From the above sub-sections, it results that the only available resource space for carrying some information is the signature space. There are two different impacts from increasing the preamble signature space:

· Complexity increase of the Random Access receiver at the Node B (larger search space)

· Detection performance loss

Various solutions can be found to minimize the Node B receiver complexity, as mentioned in [9]. We do not address this in this contribution and rather focus on the detection performance. Figure 2 shows simulation results illustrating the detection performance loss when increasing the search space of a non-synchronized Random Access preamble. The simulation parameters are the same as those used in [8]: W-CDMA PN sequence, ~1ms preamble, 2.5 MHz bandwidth. More configuration details are available in the figure key. It should be noted that the use of any other signature sequences such as CAZAC would not affect the results since this is a single user link-level simulation [12]. 
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Figure 2: Random Access preamble detection performance loss when increasing the signature space

It can be observed that the loss is approximately of 0.2dB per information bit. It should be also noted that the performance degradation is only a function of the search space size, regardless of this is signature space or time search window.
5.4. Application to non-synchronized Random Access

The non-synchronized Random Access is used in the following cases [3]:
· Handover Random Access
· Entering ACTIVE state
· Out-of-sync recovery
· TA-update
We can refine the second bullet in the list to allow the Node B distinguish between UE’s entering the Active state from either the IDLE state or the DETACHED state, or allow identifying e.g. an emergency call. This should not result in more than 3 bits to code the Random Access cause.
From Figure 2, a 5-bit information word encapsulated in the preamble would cost ~1 dB or 25% increase in the preamble duration for the same detection performance. Not more should be envisioned for the sake of keeping the preamble short enough so as to fit e.g. in 2 TTI’s in a dimensioning cell (1.732 km cell radius) [7]. The question then is, given this little amount of information, which field in the list should be chosen to be sent with the preamble? In other words, which information does the Node B need to know in first place? These are:
· DL CQI

· Random Access cause
The former is obvious as it relates to the DL response to the Random Access attempt, and the latter allows the Node B making immediate decision depending on the object of the Random Access on e.g. accepting or not a UE (based on the received SNR, round-trip delay estimation), the amount of allocated resource for the following message, etc…
This results in the non-synchronized Random Access procedure illustrated in Figure 3:
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Figure 3: Non-synchronized Random Access procedure

6. Conclusion

In this contribution, we propose a hybrid solution between the two approaches selected as candidates for the non-synchronized Random Access procedure. It provides the benefit to embed in the preamble some information that the Node B needs as soon as it detects the preamble: DL CQI and Random Access cause. 
7. Text proposal

==================== Start of Text Proposal ===================

9.1.2.1.1.3
Non-synchronized random access procedure
Prior to attempting a non-synchronized random access, the UE shall synchronize to the downlink transmission.
The non-synchronized Random Access is shown in Figure 9.1.2.1.1.3-1:

The UE first sends a preamble, which signature allows identifying 5-bit information. These bits are used to code the DL CQI measured by the UE (2 bits) and the Random Access cause (3bit). The former is used by the Node B to adjust the signal power of its response to the UE. The latter allows for sending dedicated responses depending on the object of the Random Access. Then, 

· 
· the Node B responds to the non-synchronized random access attempt preamble with timing information and resource allocation for transmission of scheduling request (and possibly any additional control signalling or data). UE then sends the scheduling request at the assigned time-frequency resource using the shared data channel or physical random access channel (for co-existing LCR-TDD based frame structure).  The Node B adjusts the resource allocation according to the scheduling request from the UE.
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Figure 9.1.2.1.1.3-1. Non-Synchronized Access 


===================== End of Text Proposal ===================
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