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1. Introduction

In WG1 specification today, some randomness is present for selection of the first preamble transmission time. On the contrary, no randomness is included for preamble re-transmission time. The UE is supposed to re-transmit its preamble in the next available access slot. However Nortel Networks had identified some cases where it would be useful to have some randomness in preamble re-transmission timing choice, in order to avoid some catastrophic scenario and ensure proofness of the physical layer procedure whatever the sub channel group organisation is. Those examples were sent to the reflector before the meeting and are described in section 2. 

Thus we propose here to introduce some degree of randomness. But we also understand that having some randomness should not increase the protocol time in an uncontrolled way. Thus we propose to restrict the randomness to the time slots available in a few number of frame after the first slot available. 

In the document the catastrophic example is detailed first, then the requirement for the random function are listed, and then a proposal for randomness function is made.

2. Example of catastrophic scenario in RACH preamble retransmission 

An example of catastrophic scenario due to the absence of randomness in preamble retransmission timing choice is  the following. A sub channel group is defined as three consecutive sub channels, for example 2,3,4. This means that the available RACH slots are 2,3,4, 14 in the first RACH frame (20ms) and  0,1,11,12,13 in the second RACH frame, etc...The minimum time between retransmission is 3 or 4 RACH slots. So if the UES reselects NEXT available RACH slot, then UEs trying to access on RACH slots 2,3,4 and missing the access  will all try to retransmit on RACH slot 14. It would probably have been better if they had randomly chosen between this  RACH slot 14 and the RACH slots 0 and 1 in the following frame.

 0   1   2   3   4   5   6   7   8   9   10   11   12   13   14   0   1   2   3   4   5   6   7   8   9   10   11   12   13   14

           S1 S2 S3                                                       S1 S2 S3                                                S1  S2  S3

        0,1...etc = RACH access slots (on 1 RACH frame, ie on a pair of normal frames)

        S1 = subchannel 1, 

        S2 = subchannel 2, 

        S3 = subchannel 3, 

        subchannel group = S1+S2+S3

        Thus we think that we should prevent this kind of case where all UES will select the same RACH slot for retransmission. 

        One way is to have some randomness in the selection of the possible access slots to retransmit. This is the method we would propose. More details are given thereafter.

3. Requirement for randomness introduction

In order to avoid the type of catastrophic scenario described in the previous paragraph, we propose to introduce some randomness in the determination by the UE of its preamble re-transmission timing. However, the randomness should not apply to a too long time period in order not to increase too much the delay for the access procedure. 

We understand that the requirement would be the following :

· The scheme does not depend on the place of the frame borders, i.e. it should result in the same randomization scheme whatever position the next available slots have with respect to the frame borders

· The UE is not allowed to choose between time slots that are later than a certain number of slots after the first slot available

· The random function should be such that the probability should depend on time, and decrease with time, i.e. the later the available timeslots are within the acceptable boundaries, the less probability they have to be selected.

4. Proposal for description of the random function

Thus we propose that the UE :

· Derives the available access slots in the next fourteen slots after the first slot matching the AICH timing parameter, i.e. the third or fourth slot after the current transmission slot, 
· Randomly selects one access slot from the available access slots derived previously. Random function should be designed such that the probability to select an access slot decreases when the distance of the access slot increases from the current access slot.
5. Conclusion

Nortel Networks has identified some catastrophic scenario which can happen if no randomness is present in the preamble re-transmission procedure. Thus we propose to introduce the same kind of randomness in the preamble re-transmission time choice in order to ensure proofness of the protocol. The random function should be designed such that the probability to select an access slot decreases when the distance of the access slot increases from the current access slot, and no access slot further than fourteen slots after the first possible slot according to the AICH timing parameter, could be selected. 
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6.1 RACH Random Access Procedure

Before the random-access procedure is executed, the  UE  should acquire the following information from the BCH :

· The preamble spreading code(s) / message scrambling code(s) used in the cell

· The available signatures , and RACH sub-channel(s) groups for each ASC, where a sub-channel group is defined as a group of some of the sub-channels defined in Erreur! Source du renvoi introuvable., and is indicated by upper layer.

· The available spreading factors for the message part

· The uplink interference level in the cell

· The primary CCPCH transmit power level
· The AICH transmission timing parameter as defined in 25.211.  

·   The power offset  Pp-m between preamble and the message part.
· The power offsets P0 (power step when no acquisition indicator is received, step 7.3) and P1 (power step when negative acquisition is received, see step 8.3)

The random-access procedure is:

1. The UE randomly selects a preamble spreading code from the set of available spreading codes. The random function is TBD.
2. The UE sets the preamble transmit power to the value PRACH given in Section 5.1.1. [Editor’s note: Here it is assumed that the initial power back-off is included in the “Constant Value” of 5.1.1]
3. The UE implements the dynamic persistence algorithm by:

3.1  Monitor the broadcast channel (BCH).

3.2  Read the current persistence factor, N, from the BCH.

3.3  If N = 0, the UE proceeds to step 4.  Otherwise, the UE generate an integer uniform random variable R in the interval [0, 1, …, 2N –1].
3.4 If the outcome of the random draw R = 0, the UE proceeds to step 4.  Otherwise, the UE defers the transmission of the message for one frame and repeats step 3.
4 The UE: 
4.1 Randomly selects the RACH sub-channel group from the available ones for its ASC, The random function, for selecting the RACH sub-channel group from the available ones is TBD.

4.2 Derives the available access slots in the next two frames, defined by SFN and SFN+1 in the selected RACH sub-channel group with the help of SFN and Erreur! Source du renvoi introuvable.. Randomly selects one access slot from the available access slots in the next frame, defined by SFN, if there is one available. If there is no access slot available in the next frame, defined by SFN then, randomly selects one access slot from the available access slots in the following frame, defined by SFN+1. Random function is TBD.
4.3 Randomly selects a signature from the available signatures within the ASC given by higher layers. Random function is TBD.
5 The UE sets the Preamble Retransmission Counter to Preamble_Retrans_Max (value TBD).
6 The UE transmits its preamble using the selected uplink access slot, signature, and preamble transmission power..

7 If the UE does not detect the positive or negative acquisition indicator corresponding to  the selected signature in the downlink access slot corresponding to the selected uplink access slot, the UE: 
7.1 Derives the available access slots in the next fourteen slots after the first slot matching the AICH timing parameter. Randomly selects one access slot from the available access slots derived previously. Random function is FFS and should be designed such that the probability to select an access slot decreases when the distance of the access slot increases from the current access slot. 
7.2 Randomly selects a new signature from the available signatures within the ASC given by higher layers. Random function is TBD.
7.3 Increases the preamble transmission power with the specified offset  P0.
7.4 Decrease the Preamble Retransmission Counter by one.
7.5 If the Preamble Retransmission Counter > 0, the UE  repeats from step 6 otherwise an error indication is passed  to the higher layers and the random-access procedure is exited.
8. If the UE detects the negative acquisition indicator corresponding to the selected signature in the downlink access slot corresponding to the selected uplink access slot, the UE: 
8.1 Selects a new uplink access slot as in 7.1 

8.2 Randomly selects a new signature from the available signatures within the ASC given by higher layers. Random function is TBD.

8.3 Modifies the preamble transmission power with the specified offset P1.

8.4 Repeats from step 6

9. The UE transmits its random access message three or four uplink access slots after the uplink access slot of the last transmitted preamble depending on the AICH transmission timing parameter. Transmission power of the random access message is modified from that of the last transmitted preamble with the specified offset  Pp-m.
10. An indication of successful random-access transmission is passed to the higher layers.
