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RAN WG1 kindly inform their RAN WG2 and RAN WG4 colleagues that during their meeting #26 they discussed a contribution and CR hereinafter attached. This paper is about the collision of the PRACH ramp up procedure with the CELL_FACH measurement occasions. Subclause 6.1.4 of the CR has not been discussed by  RAN WG1.

This paper proposes that the UE be able to suspend and resume the PRACH ramp up procedure in order to avoid conflict with a measurement occasion. Suspending is decided by the UE when it considers that not suspending would lead to a degradation of the measurements that cannot be tolerated. A tolerance criteria is proposed such that the UE may suspend the PRACH when there was  an effective overlap of the PRACH and the measurement occasion over the 16 latest measurement occasions. An overlap is defined with regards to the UE measurement capability "need for UL CM" and "need for DL CM", meaning that for some UEs there are never overlaps. An overlap is said to be effective if there was no suspend/resume for that overlap, and thus the measurement was cancelled in this measurement occasion.

RAN WG1 would like to hear the opinion of RAN WG2 on the following points:

1. Is there any problem at all with PRACH and measurement occasion collision, and if so what is the seriousness of the problem, especially in relation with futureproofness against unforeseen network and UE configuration.

2. what should be the preferred solution to the problem (some fixes have already be made in RAN2 and RAN4, does the fix proposed in RAN 1 bring any additional improvement?).

3. depending on the seriousness of the problem, from which release should the problem be fixed.

4. if acceptable to make the CR at the RAN WG1 level, does RAN WG2 have any feedback on the CR to RAN WG1 documentation ?

RAN WG1 would like to thank RAN WG2 and RAN WG4 for their kind attention.
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Introduction

During the PRACH ramp-up procedure the UE has to listen to the AICH on the DL. In case the FACH has a measurement occasion, the UE may need simultaneously to decode the AICH and to perform a measurement on another radio frequency channel, possibly of another RAT. Depending on the UE measurement capability there may be a conflict.

The same situation occurs in UL. A conflict can possibly happen between a measurement occasion and either a PRACH preamble or a message.

The current implicit assumption is that the PRACH has a higher priority than the measurement. This assumption is based on the fact that currently there is not any special treatment in the physical random access procedure in [1]. Loosing some measurement occasions may lead to several problems that will be listed.

This paper proposes to correct the PRACH procedure in order to avoid conflicts when this would lead to a too significant degradation of the measurements.

Identification of the problems to be corrected

1) The PRACH access may be triggered by the application layer in the CELL_FACH state. There is no correlation between the application on the one hand, and the L1 and L2 on the other hand ; so nothing prevents that accesses are made with the same periodicity as measurement occasions and all measurement occasions are pre-empted.

2) In some cases the collision risk may be very high. When the UE has a “need for UL CM” or has a “need for UL & DL CM” for the RAT to be measured (these parameters reflect the measurement capabilities of the UE, notably they indicate whether inter-frequency or inter-RAT measurements are simultaneously possible during emissions or receptions of CELL_FACH physical channels), collision with the measurement occasion are caused by the message part. 

Since the message part may be as long as 20ms, and the minimum time between two measurement occasion is 40ms, then the collision probability may be quite high. 

Considering the preambles, things may be even worse when there is only one RACH subchannel available. As the time between two consecutive preambles is roughly 16ms, which means that the total duration of the physical random access procedure is very likely to be more than 40ms.

3) On the other hand, when the time between two measurement occasion is very long (up to 240ms), loosing a measurement occasion can significantly degrade the measurement performances since the measuring time resource is very scarce.

4) L1 is the appropriate place to correct the problem. Indeed MAC cannot predict exactly when the PRACH began and how long it will last. It can’t detect overlapping so the problem can only be efficiently solved at the L1 level.

5) Having a guaranteed duty cycle of measurement occasions, which currently is not the case, would be of great benefits. Otherwise the ability of the UE to perform measurements will depend on the configuration given by the network in a rather unpredictable way.

The requirements on the UE e.g. in terms of interfrequency cell identification time in CELL_FACH state are expressed in [2]/section 8.4.2.3.1 by the formula :
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That is to say, this time, when no less than 5 second it is proportional to:

· The number of FDD frequencies given in the inter-frequency cell list info to measure NFreq,FDD
· The measurement time Tmeas that is the product of the measurement occasion period and the number of RAT to be measured.

· The ceiling of the ratio of the cumulated time Tbasic_identify_FDD,inter = 800 ms needed to identify one cell to the available time TInter FACH = (NTTI*10 - 2*0.5) ms in one measurement occasion.

This requirement depends on several parameters but clearly, the collision risk is not considered in the above formula. As in some cases (as mentioned before), the collision effect can’t be negligible, it isn’t guaranteed that the UE is able to perform measurements with acceptable performances and in an acceptable period of time.

6) In the current spec, the UE design relies on proprietary, possibly unsafe, assumptions on the ratio of usable measurement occasions over all the measurement occasions.

Moreover, letting this ratio unfixed, as in the current specs, makes the UE design more complex and hazardous. From the UE side, building a coherent and efficient measurement algorithm becomes much more complex if the UE can’t be sure how the measurement occasion will really occur in the future. If the UE can control the measurement occasion events, its design will surely be simplified, more optimal, and futureproof.

Correction proposal

In order to solve the problem existing in the current spec we propose that :

· Before sending any preamble the UE shall check the possibility of a collision with a measurement occasion. 

· When a possibility of collision is detected, then if the degradation of the measurements is not acceptable for the UE, the power ramp up procedure is suspended and resumes as soon as there is no more possibility of collision.

Otherwise, the collision is tolerated, and the PRACH ramp up procedure goes-on, measurement being cancelled in this measurement occasion.

· The criterion to define what is acceptable and what is not, is a guaranteed ratio of usable measurement occasions (e.g. it is acceptable to lose 1 every 16 measurement occasion).

The proposed solution exhibits the following good properties:

· It is totally transparent to the network, that is to say backward compatible to the network

· The additional delay on the PRACH ramp-up procedure is quantified to a maximum that is a function of the FACH longest TTI (typically no more than one FACH longest TTI delay is added).

· A quantified minimum measurement occasion duty cycle is obtained which guarantees in every scenario:

· Measurement performances

· A simple UE design

· futureproofness of the mobile when the UTRAN configuration uses all the possible flexibility

· This correction is easy and flexible to implement in the UE and should have only a small SW impact.

Conclusion

We propose the approval of the attached CR.
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6
Random access procedure
6.1
Physical random access procedure

The physical random access procedure described in this subclause is initiated upon request from the MAC sublayer (cf. [9]).

Before the physical random-access procedure can be initiated, Layer 1 shall receive the following information from the higher layers (RRC):

-
The preamble scrambling code.

-
The message length in time, either 10 or 20 ms.

-
The AICH_Transmission_Timing parameter [0 or 1].

-
The set of available signatures and the set of available RACH sub-channels for each Access Service Class (ASC). Sub-channels are defined in subclause 6.1.1.
-
The power-ramping factor Power Ramp Step [integer > 0].

-
The parameter Preamble Retrans Max [integer > 0].

-
The initial preamble power Preamble_Initial_Power.

-
The Power offset P p-m = Pmessage-control – Ppreamble, measured in dB, between the power of the last transmitted preamble and the control part of the random-access message.

-
The set of Transport Format parameters. This includes the power offset between the data part and the control part of the random-access message for each Transport Format.

Note that the above parameters may be updated from higher layers before each physical random access procedure is initiated.

At each initiation of the physical random access procedure, Layer 1 shall receive the following information from the higher layers (MAC):

-
The Transport Format to be used for the PRACH message part.

-
The ASC of the PRACH transmission.

-
The data to be transmitted (Transport Block Set).

The physical random-access procedure shall be performed as follows:

1
Determine the uplink access slot for the first transmitted preamble as follows:

1.1 Derive the available uplink access slots, in the next full access slot set, for the set of available RACH sub-channels within the given ASC with the help of subclauses 6.1.1. and 6.1.2. Randomly select one access slot among the ones previously determined. If there is no access slot available in the selected set, randomly select one uplink access slot corresponding to the set of available RACH sub-channels within the given ASC from the next access slot set. The random function shall be such that each of the allowed selections is chosen with equal probability.
1.2 If the selected uplink access slot does not lead to any CELL_FACH measurement occasion overlap as determined with the help of subclause 6.1.3 then continue from 2. Otherwise, if the overlap cannot be tolerated as determined with the help of subclause 6.1.4 then restart from 1.1.
2
Randomly select a signature from the set of available signatures within the given ASC. The random function shall be such that each of the allowed selections is chosen with equal probability.
3
Set the Preamble Retransmission Counter to Preamble Retrans Max.
4
Set the parameter Commanded Preamble Power to Preamble_Initial_Power.
5
In the case that the Commanded Preamble Power exceeds the maximum allowed value, set the preamble transmission power to the maximum allowed power. In the case that the Commanded Preamble Power is below the minimum level required in [7], set the preamble transmission power to a value, which shall be at or above the Commanded Preamble Power and at or below the required minimum power specified in [7]. Otherwise set the preamble transmission power to the Commanded Preamble Power. Transmit a preamble using the selected uplink access slot, signature, and preamble transmission power.
6
If no positive or negative acquisition indicator (AI ( +1 nor –1) corresponding to the selected signature is detected in the downlink access slot corresponding to the selected uplink access slot:

6.1 Select the next available access slot in the set of available RACH sub-channels within the given ASC.
6.2 ​ If the selected uplink access slot does not lead to any CELL_FACH measurement occasion overlap as determined with the help of subclause 6.1.3 then continue from 2. Otherwise, if the overlap cannot be tolerated as determined with the help of subclause 6.1.4 then restart from 6.1.
6.3
Randomly select a new signature from the set of available signatures within the given ASC. The random function shall be such that each of the allowed selections is chosen with equal probability.
6.4
Increase the Commanded Preamble Power by P0 = Power Ramp Step [dB]. If the Commanded Preamble Power exceeds the maximum allowed power by 6dB, the UE may pass L1 status ("No ack on AICH") to the higher layers (MAC) and exit the physical random access procedure.
6.5
Decrease the Preamble Retransmission Counter by one.
6.6
If the Preamble Retransmission Counter > 0 then repeat from step 5. Otherwise pass L1 status ("No ack on AICH") to the higher layers (MAC) and exit the physical random access procedure.
7
If a negative acquisition indicator corresponding to the selected signature is detected in the downlink access slot corresponding to the selected uplink access slot, pass L1 status ("Nack on AICH received") to the higher layers (MAC) and exit the physical random access procedure. 

8
Transmit the 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 control part of the random access message should be P p-m [dB] higher than the power of the last transmitted preamble. Transmission power of the data part of the random access message is set according to subclause 5.1.1.2.
9
Pass L1 status "RACH message transmitted" to the higher layers and exit the physical random access procedure. 
6.1.1
RACH sub-channels

A RACH sub-channel defines a sub-set of the total set of uplink access slots. There are a total of 12 RACH sub-channels. RACH sub-channel #i (i = 0, …, 11) consists of the following uplink access slots:

-
Uplink access slot #i leading by (p-a chips the downlink access slot #i contained within the 10 ms interval that is time aligned with P-CCPCH frames for which SFN mod 8 = 0 or SFN mod 8 = 1.

-
Every 12th access slot relative to this access slot.

The access slots of different RACH sub-channels are also illustrated in Table 7.
Table 7: The available uplink access slots for different RACH sub-channels

SFN modulo 8 of corresponding P-CCPCH frame
Sub-channel number


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

0
0
1
2
3
4
5
6
7





1
12
13
14





8
9
10
11

2



0
1
2
3
4
5
6
7


3
9
10
11
12
13
14





8

4
6
7




0
1
2
3
4
5

5


8
9
10
11
12
13
14




6
3
4
5
6
7




0
1
2

7





8
9
10
11
12
13
14

6.1.2 
RACH access slot sets

The PRACH contains two sets of access slots as shown in Figure 2. Access slot set 1 contains PRACH slots 0 – 7 and starts (p-a chips before the downlink P-CCPCH frame for which SFN mod 2 = 0. Access slot set 2 contains PRACH slots 8 - 14 and starts  ((p-a –2560) chips before the downlink P-CCPCH frame for which SFN mod 2 = 1.
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Figure 2: PRACH access slot and downlink AICH relation ((p-a = 7680 chips)
6.1.3
Overlap of random access transmission with a CELL_FACH measurement occasion

If the UE is not in CELL_FACH state, there is no such overlap.

If the UE is in CELL_FACH state, but no interfrequency measurement are required from the network, then there is no such overlap.

Otherwise, depending on the UE measurement capability for the RAT to be measured in the considered measurement occasion, an overlap is implied by any of the three following conditions:

· The measurement capability states that DL compressed mode is needed for this RAT and the measurement occasion is overlapping the part of the corresponding downlink access slot in which the AI may be received.

· The measurement capability states that UL compressed mode is needed for this RAT and the measurement occasion is overlapping the part of the selected uplink access slot containing the preamble

· The measurement capability states that UL compressed mode is needed for this RAT and the measurement occasion would overlap the PRACH message part TTI corresponding the selected uplink access slot in case of positive acquisition indicator (AI = +1).

6.1.4
Tolerance of overlap of random access transmission with CELL_FACH measurement occasion

The UE needs not to tolerate the overlap if over the last 16 measurement occasions at least one was preempted by an effective overlap.
Overlaps are defined in subclause 6.1.3.
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