TSG-RAN WG1 Meeting #46bis
R1-062811
Seoul, Korea, October 9 - 13, 2006
Source:
Panasonic, NTT DoCoMo
Title:
Sequence allocation and Collision probability analysis of RACH with control information 
Agenda Item:
6.4.3
Document for:
Discussion and Decision
1. Introduction

RAN2 send liaison statement of RACH [10] . In the liaison statement, RAN2 asked whether the system should always use all the available preamble signatures or should allow the use of a subset of signatures. This document related this question.
In addition, we discuss

- control information transmitted on random access preamble and
- signature sequence allocation to the control information.
We evaluated
-  the achievable average collision probability per signature index when actual occurrence probability and expected occurrence probability are different among signatures in order to see the collision probability of random access attempt.
2. Sequence allocation to control information
Control information

In [4] , we proposed non-synchronized random access preamble indicate access types and channel quality. 
· Access type is 4 types and indicates the request of C-RNTI and the data size to be transmitted. Each access types are based on use cases. Access type shows the combination of “cause”, “rough resource request” and “priority”
· Channel quality is 1 or 2 bits and indicates the path loss level information. This information is used to reduce inter-cell interference and radio resource consumption by means of power control of RACH response as well as power control or link adaptation for 1st UL data transmission.
Table 1 Access type

	Access type
	Causes
	C-RNTI request
	UE buffer status (data size to be transmitted)

	Type 1
	Initial access
	Yes
	Arbitrary
(but usually large)

	Type 2
	Resource request
	No
	Large 

	Type 3
	Resource request or Handover
	No
	Small

	Type 4
	Uplink synchronization
	No
	None


Control information index
Control information index is an index which indicates a combination of Access type and channel quality. Access type (cause) is always required irrespective of the eNodeB deployment condition. Meanwhile channel quality is not always necessary. For example, in case of handover, required UL resources for 1st UL message is small and most of the UEs would be located at cell border, namely, access type already include the channel quality information. Therefore, we proposed to define control information indices consist of combinations of access type (cause) and channel quality as shown in Figure 1.
Sequence allocation

ENodeB indicate signature sequences which can be used in this cell to each control indices. To reduce collisions in the same random access time-frequency slot from different UEs s, multiple signature sequences are allocated to one control information index as shown in Figure 1. UE selects randomly one of signature sequences allocated to the corresponding control index.
The number of signatures allocated to each control information index is based on expectation of the average RACH attempt of each control indices. Therefore, the number of signatures allocated to control information indices should be configurable semi-statically. This information is informed by broadcast channel.

In addition, to support small scale eNodeB which would be deployed indoor or under-ground, the number of total signatures used in the cell should be allowed to limit. Figure 1 (a) shows the case of 64 signatures and figure 1 (b) shows the case of 16 signatures.
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(a) Case of 64 signatures (for normal scale eNodeB)
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(b) Case of 16 signatures (for small scale eNodeB)

Figure 1 Signature mapping to control indices and combination of access type and channel quality
Summary
As an answer of question 1 of RAN2 LS[10] , we propose
· The E-UTRA system should allow to limit the total number of signatures for small scale eNodeB for hardware simplification by reducing the number of random ID.
We also propose the followings as control information and sequence allocation:
· Random access burst contains access types and channel quality. Access type indicates the request of C-RNTI and the data size to be transmitted. Channel quality indicates the path loss level information.

· Control information indices consist of combinations of access type (cause) and channel quality, and granularity of channel quality can be differentiated for each access types.
· The number of signatures allocated to each control information indices should be variable semi-statically corresponding to the scale of the cell and expectation of the random access attempt.

3. Collision probability with control information
In this section, we evaluated the achievable average collision probability per signature index when actual occurrence probability and expected occurrence probability are different among signatures.. More detailed evaluation is shown in [6] .
In this evaluation, we use 8 control information indices (i.e. 3 bits). 32 or 64 signatures is used where the each available signatures are allocated to one of the 8 control information indices uniformly. Therefore, UEs can randomly choose one of signatures mapped to the control information index. Then, we evaluate the collision probability when the occurrence probability of control indices is not uniformly distributed. Specifically, the control information index “A” has different occurrence probability and the remaining occurrence probability of the remaining control indices is given  equally as shown in Table 3. In addition, we also evaluate the collision probability of 16 signature sequences without control information like as WCDMA [2] as for the reference. 
For the collision probability calculation, the simple statistical method is used, i.e. based on Poisson distribution [7] 

 REF _Ref143885425 \n \h 
[8] 

 REF _Ref143881800 \n \h 
[9] . The average collision probability per one signature index Pcollision_sig is defined as
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where pi is the occurrence probability of the i-th control index, M is the number of control indices.
where  is the average number of random access attempts per second, NTNFNsig/M is the random access transmission opportunities of the i-th control index per second. The other parameters are shown in Table 2.
Table 2 the definition and values of parameters for evaluation.

	Parameters
	Value

	Bandwidth of RA frequency block (BWRA)
	1.25 MHz

	Total bandwidth of RA frequency block (BWtot)
	1.25 MHz

	Length of RA time slot (TRA)
	0.5 msec

	Time interval of tow RA time slots (TRA-REP)
	10 msec

	Number of time slots per second (NT (=1/TRA-REP))
	100

	Number of frequency blocks per time slot (NF (=BWtot/BWRA))
	1

	Number of preamble sequences (Nsig)
	16 / 32 / 64


Table 3 Signature allocation and given occurrence probability deviation (8 control information indices).
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Evaluation results
The average collision probability per opportunity in case of 8 control information indices transmitted on 32 signatures or 64 signatures is shown in Figure 2(a) and Figure 2(b), respectively.
From the evaluation of 32 signatures, 

- around 100 random access attempt per second achieves 1% collision probability and

- around 30 random access attempt per second achieves 0.1% collision probability, 
even when the actual occurrence probability concentrating on the index A is 62.5% - 75.0%. 
From the evaluation of 64 signatures,

- around 200 random access attempt per second achieves 1% collision probability and

- around 60 random access attempt per second achieves 0.1% collision probability, 
even when the actual occurrence probability concentrating on the index A is 62.5% - 75.0%.

In addition, we observe the average collision probability is better than the reference, even up to 62.5% of random access attempts concentrating to the index A. Therefore, we can conclude that 8 control information indices can be transmitted by using 64 signature indices with the same or better collision probability than one by using16 signatures without control information, i.e. only random ID, even if the occurrence probability is deviated away from the expectation.

Based on the evaluation, we can conclude 
· 8 control information indices can be transmitted using 64 signatures.

· 8 control information indices can be transmitted using 32 or 16 signatures for low random access attempt, i.e. small scale cell.
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(b) 64 signatures.
Figure 2 Collision probability per opportunity in case of 8 control information indices on signatures.
4. Conclusion
In this document, we discussed control information transmitted on random access preamble and signature sequence allocation to the control information. In addition, we evaluated the achievable average collision probability per signature index when actual occurrence probability and expected occurrence probability are different among signatures in order to see the collision probability of random access attempt. The evaluations were carried out when 8 control information indices are transmitted using 32 or 64 signatures.  
Based on the discussion and the evaluation, we propose following.
As a answer to the question 1 of RAN2 LS
· The E-UTRA system should allow to limit the total number of signatures for small scale eNodeB for the hardware simplification by reducing the number of random ID.

In addition, 
· Random access burst contains access types and channel quality. Access type indicates the request of C-RNTI and the data size to be transmitted. Channel quality indicates the path loss level information.

· Control information indices consist of combinations of access type (cause) and channel quality, and granularity of channel quality can be differentiated for each access types.

· The total number of signatures and the number of signatures allocated to each control information indices should be variable semi-statically depending on the scale of the cell and expectation of the random access attempt.
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