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Accelerated System Access Procedure

1 Introduction 

This discussion paper describes a new method called Accelerated System Access Procedure (ASAP) used for improving radio resource utilization efficiency wherein a MS sends access bursts on the RACH using a normal burst structure. The use of a normal burst structure on the RACH channel allows a MS to include a larger volume of payload information that includes its 32 bit TLLI which can then be echoed in the Immediate Assignment message allowing for faster contention resolution. 

The ability to define a RACH burst that includes more than the current maximum of 11 bits of payload information is possible in light of wireless devices that may have limited or no mobility or wireless devices that operate within GSM deployments with limited cell size (up to a few kilometers). 
The net impact of this new method is an improved PDCH utilization that is realized due to:

· an accelerated contention resolution process requiring only a RACH – AGCH exchange.

· an accelerated process for providing a BSS with MS specific capability information and access type information thereby allowing the BSS to send a corresponding assignment message on the AGCH with enhanced content.

2 Detailed Use Case Scenario

One use case considered is that of small data transmissions (SDT) made by devices used for MTC having limited or no mobility where the expected high volume of such transmissions drives an interest in making them as efficient as possible regarding their use of PDCH resources.
Legacy one phase access
The legacy one phase access is shown in Figure 1 below where at step 3 the BSS discovers the TLLI of the MS (e.g. MTC device) that has won the contention access and the corresponding MS determines it has won the contention access at step 4.
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Figure 1. Legacy One Phase Access Procedure (three RLC data blocks sent).
As can be seen in Figure 1 the legacy one phase access method has a negative impact on PDCH utilization for user plane payload transmission purposes due to the following:

· The MS must include 4 octets of TLLI information in at least  the first RLC data block it sends to the BSS (step 3) so that contention resolution can be completed from the BSS perspective as soon as possible. This results in 4 octets of payload transmission space being lost due to TLLI inclusion in each RLC block it is included in. 

· The BSS must send a Packet Uplink Ack/Nack (including the TLLI of the MS) as soon as possible (step 4) so that contention resolution can be completed from the MS perspective as soon as possible. For the case where EGPRS is used the contention resolution could be completed by the BSS sending the MS an EGPRS Packet Uplink Assignment message in step 4.
· Considering that a small data transmission (e.g. 3 RLC data blocks as per the example of Figure 1 could easily be managed (from an Ack/Nack space point of view) with the transmission of a single Packet Uplink Ack/Nack on the downlink PACCH (as per step 8) the transmission in step 4 is costly in that it eliminates the possibility of using that radio block for downlink payload transmission (i.e. RLC data block transmission) to the same or another user due to the need for fast contention resolution.

· It should be noted that the legacy 1 phase approach allows a single PUAN to be sent along with FAI so that contention resolution is completed at the point all uplink RLC data blocks are acknowledged. However, this would force the MS to include TLLI in each RLC data block that it transmits and thereby further reduce the number of octets available for payload.
· The MS must send a Packet Control Ack (step 5) to confirm reception of the Packet Uplink Ack/Nack on the uplink PACCH. This MS confirmation of the Packet Uplink Ack/Nack is costly in that it eliminates the possibility of using that radio block for uplink payload transmission, (i.e. RLC data block transmission) and instead increases the control signaling overhead.

Accelerated System Access Procedure

The new ASAP procedure described herein involves modifying the Access Request (sent on RACH) to include the 32 bit TLLI of the MS (see 3GPP TS 23.003 for TLLI determination) and the BSS sending a corresponding enhanced Immediate Assignment message (sent on the AGCH) that includes the TLLI received on the RACH. The net result of this new method is shown in Figure 2 where it can be seen that the BSS completes contention resolution at step 1, the MS completes contention resolution at step 2 and all of the negative impacts on PDCH utilization listed above relative to the legacy one phase access method are eliminated.
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Figure 2. New ASAP Procedure (three RLC data blocks sent).
Comparison
Table 1 compares the legacy one phase access with the new ASAP procedure in terms of actual MS transmission time and reception time using MCS-1 on the PDTCH wherein a total of 20 bytes of payload needs to be transmitted (MCS-1 provides 22 bytes of payload per radio block). The significantly reduced transmission and reception times of the new one phase access results in it having a substantial power reduction advantage for small data transmissions compared to the legacy one phase access. In addition, the new ASAP procedure allows for a reduction in both UL and DL PACCH signaling (compare figures 1 and 2) and therefore allows for a meaningful improvement in PDCH utilization for small uplink data transmissions.
Table 1. Transmission time/reception time for legacy one phase access vs ASAP.

	Type of Access
	Tx time
	Rx time

	Legacy one phase access
	1 access burst (RACH)+  2 radio blocks* (PDTCH) + 2 radio blocks (PACCH)

9.07 ms
	1 radio block (AGCH) + 2 radio block (PACCH)

6.56 ms

	ASAP
	1 normal burst (RACH) +  1 radio block (PDTCH) + 1 radio block (PACCH)

4.92 ms
	1 radio block (AGCH) + 1 radio block (PACCH)

4.37 ms

	Improvement
	- 46 %
	-33%

	* Each radio block carries 22 bytes, but since TLLI is 4 bytes only 18 bytes can fit within the first radio block and a total of two blocks needs to be transmitted.


The legacy access burst sent on the RACH consists of the fields shown in Table 2 below wherein the 36 encrypted bits include 8 or 11 bits of payload information. 

Table 2. Legacy RACH burst fields.

	Bit Number

(BN)
	Length

of field
	Contents

of field

	0 ‑ 7
	8
	extended tail bits

	8  ‑  48
	41
	synch. sequence bits

	49  ‑  84
	36
	encrypted bits (e0...e35)

	85  ‑  87
	3
	tail bits

	88  ‑  156
	68.25
	extended guard period (bits)


For the case of 8 payload bits, the encrypted bits are constructed by appending 6 parity bits for error detection, and 4 tail bits for the convolutional encoder. This results in 18 bits that are encoded using a rate ½ convolutional code to 36 bits. A similar procedure is followed with the 11 bit access burst.

At random access today, the access burst is transmitted from the MS without any timing advance (TA). Transmission with TA is generally used to ensure that the BSS can expect the burst in a certain time window irrespective of the position of the MS relative to the base station antenna, which also effectively avoids any inter timeslot interference (bursts interfering in time). The time offset can be estimated by the base station based on a received RACH burst (currently transmitted without TA) and the required TA is communicated to the MS (in an Immediate Assignment message) in order for it to transmit with TA for subsequent transmissions.

Due to the low or no mobility attribute that is expected for a large number of MTC devices they are expected to experience a similar/same TA for every access request they make within their serving cell. Retaining knowledge of the TA used for a previous access request can therefore serve as a means for these MTC devices to utilize a new RACH burst format  wherein increased payload space will be available. 
This burst format can also be utilized in cells with limited cell size where it is expected that no timing advance will be needed for UL transmission, which could be communicated in the system information. In addition, system information will also be needed to indicate when a BSS supports use of the new ASAP procedure shown in Figure 2.

The net result of this knowledge of TA requirements is that a wireless device can make use of a normal burst format on the RACH where a 32 bit TLLI plus, for example, 16 bits of supplementary signaling information can be included within the additional payload space (i.e. a total of 48 bits of payload information compared to 8 or 11 bits currently available). 

Table 3. Normal burst RACH fields.

	Bit Number (BN)
	Length of field
	Contents of field

	0 ‑ 2
	3
	tail bits

	3 ‑ 60
	58
	encrypted bits (e0 ... e57)

	61 ‑ 86
	26
	training sequence bits

	87 ‑ 144
	58
	encrypted bits (e58 … e115)

	145 ‑ 147
	3
	tail bits

	148 ‑ 156
	8.25
	guard period (bits)


An enhanced Immediate Assignment message is needed to allow the network to take full advantage of the payload information carried within the Normal burst RACH message which, as a starting point, can consist of the existing code points defined for the 11 bit Access burst except for any random bits (since the presence of TLLI eliminates the need for such bits). .

3 ASAP Burst Performance Analysis

In the following section the performance of the RACH channel using either the currently used 11 bit Access burst, or a Normal burst is shown.
A generic puncturing and interleaving scheme has been used for the normal burst RACH which could be further optimized.

The channel simulated is TU50nFH with typical Rx and Tx impairments where the MS speed assumed is 50 km/h. 
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Figure 3. RACH performance using Access Burst (AB) and Normal Burst (NB).

It can be seen that the Normal Burst can perform equally well as the 11 bit Access Burst when 48 bits of information bits are used. 
4 Proposal

In light of the improved PDCH utilization, potentially reduced MS power consumption and RACH burst transmission reliability that can be realized using the ASAP procedure it is proposed that the development of corresponding GERAN specification work be pursued within the context of  Rel-13.
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