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1. Introduction

The procedure for non-synchronised Random Access Channel (RACH) was agreed during the RAN1 and RAN2 Joint Meeting at the LTE Ad-Hoc in Cannes in June 2006 [1] and further refined during the RAN2 #54 Meeting in August 2006 [2]: in the first step, the UE sends a Random Access Preamble to the eNodeB that contains a message part with a length of 6 bits for identity and control signalling.

This contribution looks at the content of this message carried by the preamble, following the email discussion (summarized in [3]) that has taken place on the topic.

A related paper [4] has been submitted to RAN1.

2. Discussion

2.1 Content of the preamble message

The unsynchronised RACH procedure aims to fulfil three main purposes:

· Establishment of the unique identification of the UE

· Uplink synchronisation by timing advance

· Initial uplink resource allocation

To this end, the message carried by the initial preamble in the first step of the unsynchronised RACH signalling (i.e. Step 1 UE -> eNodeB: Random Access Preamble) must provide the following:

· Identification of the UE with some (limited) means for contention avoidance

· Provision of information for a suitable initial uplink resource allocation by the network

In the subsequent second step of the unsynchronised RACH procedure (i.e. Step 2 eNodeB -> UE: Random Access Response), the network will reply with the following information, as agreed and reported in [1]:

· Sequence ID/signature

· Timing advance

· Resource allocation

· C-RNTI

The content of the message carried by the initial preamble in Step 1 must be tailored so that the network response in Step 2 can be optimised both for the allocation of UE resources and for the network performance.

The current status of the discussion in RAN2 on the content of the first uplink transmission is that a random signature is included in the preamble message [1]. It is however proposed [2], and open to discussion [1], whether some bits among the 6 bits of the signature may be used to carry specific information, e.g. Priority, Cause Value and CQI.
We now provide an analysis of these fields with a view to optimising the content of the initial preamble message with respect to these two conditions presented above:

a. Identification of the UE with means for collision avoidance

b. Provision of information for a suitable uplink resource allocation by the network

2.1.1 Priority / Establishment Cause and Cause Value

It is agreed that Priority information is required in order to indicate the reason for the initial access request under which the UE is trying to establish a network connection: this is needed so that the network may for instance give priority handling to UEs requiring emergency services, as opposed to e.g. active to idle transitions in normal operation.

The Cause Value is proposed to be used for indicating the type of signalling for which the random access request is made (for instance handover, signalling with C-RNTI available) and estimate the size of UL resources that should be allocated to the UE (for instance UL SCH resource request, amount of data awaiting transmission): this information is also needed as it falls under the condition b. for the provision of suitable information for network allocation of resources.

Both fields are therefore required.

However we may refine the use of these fields further by noticing that the indication of a high priority for emergency services already gives the network a clear indication of the resources needed by the UE for the emergency call, as this would call for a procedure with distinctive resource requirements: therefore signalling a Cause Value is redundant information when the Priority is set to “highest/emergency”.

We therefore propose to link the Priority and Cause Value fields, where the Cause Value would only be indicated for UEs that do not indicate a “highest/emergency” Priority:

· For UEs requesting “highest/emergency” access, the remaining bits normally allocated to the Cause Value field may be re-used. (As the agreed method for carrying the information is by selecting one of up to 64 signatures, this “re-use” of bits can happen naturally; a smaller number of signatures would be allocated to “highest priority” than to lower priority.)

· For UEs requesting “lower/other” priority access, the Cause Value indicates the amount of UL resource allocation required for the next step in the procedure.

One further observation is that the mapping to Priority and Cause Value would be fixed, as the Priority and Cause Value fields carry static information from a pre-defined matrix of parameters (e.g. similar to that proposed in [7]).

2.1.2 Scheduling Request

In [3], the Scheduling Request is described as a 2-bit field used for the indication of uplink resource allocation: this is effectively the same as the information which could be provided by the Cause Value, as discussed above. 

We therefore propose that the Cause Value and Scheduling Request can be combined into a single information field.

2.1.3 Random Id / Signature

In the RAN1 and RAN2 Joint Meeting at the LTE Ad-Hoc in Cannes, the Random ID field was initially proposed as a random choice of a UE identity amongst a set of available signatures, that can be independently detected by the eNodeB to reduce the risk of collision (i.e. two UEs happening to select the same signature).
However, the discussion has since evolved, and the Random ID field is now considered as a Signature field where the content of the Signature corresponds to a random selection from a mapping of a combination of the different information, e.g. Priority, Cause Value and CQI [1]. The purpose of this Signature is still to reduce collision probability by means of ensuring some element of randomness in the signature selection; this therefore reduces the number of times that a further stage of contention resolution during the subsequent higher-layer steps of the RACH procedure has to be used, as the UE already has a random identity that the network can acknowledge in its RACH Access Response.

We support the idea of mapping the information fields onto a set of signatures and the selection of a signature for transmission in the initial preamble message for the purpose of collision reduction under condition a.

The aspect of exactly how message bits are supposed to be mapped to the available signatures is the subject of different interpretations amongst companies, but the common agreement is that by choosing a signature with some element of randomness and a RACH time / frequency resource out of the available signatures / resources, a relatively-unique UE Identifier can be transmitted, which can minimise the potential for collisions.

2.1.4 CQI and Pathloss

An indication of the channel condition is useful information for the network, in order to assist the allocation of resources: 

· A CQI report of the downlink reception quality will allow the eNodeB to adapt the transmission power for the resource grant that it will allocate: this would allow an improvement of network performance under condition b. 

· A Pathloss indication may also help estimate the available uplink transmission power (at least within a broad range).

In [6] we propose a scheme where the quantization of the CQI report can be profiled to provide a higher degree of randomisation for the reduction of collision probability: this solution fulfils the requirement of both condition a and condition b.

Under this proposal, a CQI report of 3 bits may be used, with therefore a possibility of 8 CQI values: these values or information bits may be mapped to the available set of signatures proposed in [1], and also to appropriate RACH occasions (where we use the term “RACH occasion” to refer to the time / frequency resource units in which the RACH preamble may be transmitted).

Under this scheme, the use of the limited number of available message bits is optimised by replacing the purely random allocation of signatures by a mapping based on the randomness of the channel conditions of individual UEs. This makes best use of the limited number of bits, by enabling as much useful information as possible to be transmitted, while also making use of the inherent randomness of this information between UEs to minimise the collision probability. 

Further refinement may also be possible: for instance, by assigning different RACH occasions or timeslots to the MSB of the CQI, the available bits in the preamble may be used for finer resolution. This could therefore for example allow a total of 4 bits to be used for CQI transmission, yielding up to 16 signallable values. 

2.1.5 Mapping onto Signatures

As proposed in [3], the combination of information bits (e.g. Priority, Cause Value, CQI Report) is mapped to a set of signatures in the RACH Preamble Message.

As we indicated in 2.1.2, for UEs requesting “highest/emergency” access bits normally allocated to the Cause Value field may be re-used in the sense that the a smaller number of signatures may be allocated to “highest priority” than to lower priority: this leaves a choice of more signatures for lower priority access requests.

We can illustrate this re-use of signatures by mapping the information bits and signatures in a matrix of parameters similar in nature to Table 1 in [3]: two example of mappings are given in the following pages in Table 1 and Table 2, based on the assumption that 64 signatures are available.

In a first example of this mapping, in Table 1 below:

· The Priority field consists of 1 bit

· The Cause Value fields may consist of either 0 or 3 bits:

· No Cause Value field is needed when the Priority bit is set to 1

· When 3 bits are used:

· When MSB=0: all values of the Cause Value field are used (000, 001, 010, 001), providing 4 possible Cause Values; the total combination of bits is mapped to 32 signatures as shown in Table 1

· When MSB=1: not all but only 3 values of the Cause Value field are used (e.g. 100, 101, 110), therefore providing an additional set of 3 Cause Values for use; the total combination of bits is mapped to the remaining 24 signatures

· The CQI Report field uses 3 bits

	Priority

(1=Highest

0=Lowest)
	Cause Value

(0, 2 or 3 bits)
	CQI Report

(3 bits)
	Number of signatures used

	1
	-
	000
	Cause Value: 0 bit

8 signatures

	1
	-
	001
	

	1
	-
	010
	

	1
	-
	011
	

	1
	-
	100
	

	1
	-
	101
	

	1
	-
	110
	

	1
	-
	101
	

	0
	000
	000
	Cause Value: 2 bits

32 signatures

	0
	000
	001
	

	0
	000
	010
	

	0
	000
	011
	

	…
	…
	…
	

	0
	001
	010
	

	0
	001
	011
	

	0
	001
	100
	

	0
	001
	101
	

	…
	…
	…
	

	0
	011
	110
	

	0
	011
	111
	

	0
	100
	000
	Cause Value: 3 bits

24 signatures

	0
	100
	001
	

	0
	100
	010
	

	0
	100
	011
	

	…
	…
	…
	

	0
	110
	100
	

	0
	110
	101
	

	0
	110
	110
	

	0
	110
	111
	


Table 1: Example of mapping between information bits and signatures

In a second example of this mapping, in Table 2 below:

· The Priority field consists of 1 bit

· The Cause Value fields may consist of up to 2 bits:

· No Cause Value field is needed when the Priority bit is set to 1

· When 2 bits of the Cause Value field are used (giving 4 possible Cause Values), the total combination of bits is mapped to 32 signatures as shown in Table 1

· The CQI Report field uses either 3 or 4 bits:

· A CQI Report of 3 bits is used when the Priority bit is set to 1, using 8 signatures

· A CQI Report of 3 bits is used when the Priority bit is set to 0 and the Cause Value is set to 00, using a further 8 signatures

· A CQI Report of 4 bits is used when the Priority bit is set to 0 and the Cause Value is set to either 01, 10 or 11: this allows a refinement of the CQI Report by using 16 signallable values for each of the Cause Value option, for a total of 48 signatures used

· Alternatively, the additional 4th bit of the CQI Report may be used as a “random” bit, providing a further degree of randomisation in the selection of a signature

	Priority

(1=Highest

0=Lowest)
	Cause Value

(0 or 2 bits)
	CQI Report

(3 or 4 bits)
	Number of signatures used

	1
	-
	000
	Cause Value: 0 bit

CQI Report: 3 bits

8 signatures

	1
	-
	001
	

	1
	-
	010
	

	1
	-
	011
	

	1
	-
	100
	

	1
	-
	101
	

	1
	-
	110
	

	1
	-
	101
	

	0
	00
	000
	Cause Value: 2 bits

CQI Report: 3 bits

8 signatures

	0
	00
	001
	

	0
	00
	010
	

	0
	00
	011
	

	0
	00
	100
	

	0
	00
	101
	

	0
	00
	110
	

	0
	00
	101
	

	0
	01
	000 0
	Cause Value: 2 bits

CQI Report: 4 bits

48 signatures

	0
	01
	000 1
	

	0
	01
	001 0
	

	0
	01
	001 1
	

	…
	…
	…
	

	0
	11
	110 1
	

	0
	11
	110 1
	

	0
	11
	111 0
	

	0
	11
	111 1
	


Table 2: Example of mapping between information bits and signatures

2.2 Proposal for Initial Preamble Message Content

Based on the discussion of the different possible fields in parts 2.1.1 – 2.1.4 above, we make the following proposal for the content of the preamble message for unsynchronised RACH:

· Priority and Cause Value:

· Carrying information on the Priority of the initial access request and the amount of uplink resources needed

· Both information fields are linked: if the Priority is set to “highest” for emergency services, no Cause Value is needed

· CQI Report in lieu of Random ID:

· The CQI quantization range is optimised so as to provide a randomised selection of signature and RACH occasion from the available set of signatures and RACH occasions

· The quantisation range for the CQI reports are signalled by the network together with the other RACH parameters

· The Priority, Cause Value and CQI Report can be mapped onto Signatures as illustrated in the examples given in section 2.1.5 

3. Conclusions

In this paper we have discussed the information fields that are currently under consideration for inclusion in the initial uplink transmission for unsynchronised RACH

We have made a proposal for the content of the preamble message that optimises the use of the limited bits available, provides essential information for suitable uplink resources allocation by the network, and contributes to the reduction of collision probability.

We propose that this approach be selected as a basis for the content of the Preamble Message for Initial Access with the RACH in the E-UTRAN.
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