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1. Introduction

There seems to be a common understanding within RANWG#1, RANWG#2 and  RANWG#4 that RACH access has priority over measurements in CELL_FACH mode. In other words, measurements that cannot be taken due to RACH access collisions are further delayed. It is accepted that these collisions may have potential side-effects on the measurement quality.

RANWG#2 originally tackled the problem [3], [4] and has approved CRs ([8]) which add the following cautionary note in MAC specification TS25.321 :

“NOTE: 
In Cell-FACH state, the UE should coordinate the UL transmission schedule with the measurement schedule in FACH measurement occasions so as to minimize any delays associated with inter-frequency measurements.”

Although  this note does not set any specific recommendations, it indicates that some re-scheduling  of the RACH messages may be used in order to minimize the effect of collision between FACH measurement occasions and RACH messages. 

The latest but one opportunity RANWG#4 had to tackle the subject was with [5] at meeting #20. This CR suggested to add an informative note in TS25.133 as well. It was concluded that this CR should be postponed until the issue is studied carefully in RAN4.

One first step forward was recently made in last RAN1#26[2]. This paper introduced a modified RACH access technique to compensate for CELL_FACH measurements caused by RACH access. This technique consists in suspending then resuming the RACH access ramp-up when collisions with measurements are possible, not at the MAC layer as suggested by the informative but at Layer 1, where no special treatment of this problem has been studied so far. This technique lies on the suspend/resume RACH ramp-up in order to avoid conflict with a measurement occasion. The outcome of the debate was to send an LS [1] to RAN2 and RAN 4 to ask some guidance about the seriousness of the problem as well as the potential improvement of this new technique.

During their meeting #24, RAN WG4 has discussed paper [10] showing that :

· Applying no collision detection at all degrade very severely measurements

· Collision detection at MAC is always outperformed by collision detection at L1 in terms of:

· delay/congestion on RACH

· measurement degradation.

The note in 25.321 ([11]) is only informative, it does not mandate any implementation of the collision detection in MAC. In this paper we discuss several approaches to detect collision at MAC, and we show that MAC is not the appropriate layer to do that job, and that collision detection at L1 is natively simpler and better than at MAC.

Description of the problem

1.1.  RACH collision with measurements

1.1.1. Downlink

UE capability “need for Downlink compressed mode”, unless felt not very appropriate in the CELL_FACH state where there is no compressed mode (CM) but Measurement Occasion (MO), simply indicates that the UE is not able to receive simultaneously FDD DL  and a subset of following target systems (possibly none of them or all of them):

· FDD inter-frequency

· TDD

· Inter-RAT such as GSM and DCS 1800

On DL, the first potential collision is then collision of the DL AICH channel (Acquisition Indicator Channel) with the MO.

1.1.2. Uplink

Similarly, UE capability “need for Uplink compressed mode” simply means in CELL_FACH that the UE is not able to transmit Uplink (UL) while measuring on Downlink (DL) for some target system. For each measurement target system, 2 cases should be then distinguished :

· no “need for Uplink compressed mode”. In this case, this potential collision between MO and RACH does not happen on uplink,

· “need for Uplink compressed mode”. In this case, the collision may happen between MO and preamble parts as well as RACH messages of the RACH access

1.1.3. Measurement capabilities considered in this paper

There are therefore 4 possible measurement capabilities in connection with each measurement target system:

case
need for CM on


DL
UL

1
yes
no

2

yes

3
no


4

no

Only cases 1 to 3 produces collision between RACH and Measurement Occasasion.

Figure 1 depicts a situation of simultaneous collisions : 

· UL collision with one preamble (if “need for UL CM”),

· UL collision with the message part (if “need for UL CM”),

· DL collision with the AICH channel  (if “need for DL CM”),

As the RACH to MO offset varies as the (S-CCPCH,k parameter (S-CCPCH,k = Tk ( 256 chip, Tk ( {0, 1, …, 149}), several situations may happen ranging from zero collision up to (2 + Preamble Max Retrans) collisions, where Preamble Max Retrans is the allowed maximum number of preamble transmissions.
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Figure 1 : Collision between Measurement Occasions and RACH access ( not on scale)

1.1.4. Impact on measurements

Then it is allowed to discard one MO in order to perform one RACH access. 

The different types of measurements in FDD mode are impacted as follows :

· inter-frequency FDD measurements : if one MO is discarded, it is not possible to sample the inter-frequency FDD channel during the MO. During inter-frequency MO, several actions are performed in parallel :

· update CPICH measurements of already identified cells. If a measurement is discarded in one MO, then the missing sample has to be processed by different ways that anyway degrade the measurement performance ; some techniques could simply repeat the last sample (but then in fading channels, it may be not significant from the channel power) or simply average on lesser number of samples. If there is a great variation level during the MO (which is very likely in long MO such a 40, 80 ms), the averaging may be out of the precision of the CPICH requirements,

· try to identify new cells,

so that inter-cell location update can be performed in a fast and reliable way. 

· inter-RAT measurements, particularly GSM and DCS 1800 . For these RATs, TS 25.133 [7] specifies in Tables 8.13 and 8.14 the maximum allowed time to perform initial BSIC identification and BSIC re-confirm. These calculations have been so far calculated assuming no collisions with RACH access. It is evident that the BSIC verification is delayed each time a MO is discarded, at MOs are the “detection window” for FCH and SCH GSM bursts.

TDD measurements are impacted as well.

1.2. RACH data rate vs. collisions

Uplink PDU transmission requests are issued from RLC to MAC, and then from MAC to L1. 

For each transport block transmission we typically have the following steps in MAC sequentially :

a) MAC waits until some data from RLC is available for transmission.

b) If collision avoidance is implemented in MAC, then MAC may wait for some additional delay in order to avoid collision with measurement occasions before sending request to L1.

c) MAC retrieves from RLC data to be transmitted.

d) MAC sends access request to L1

e) MAC remains waiting for the acknowledgement from the L1 (this delay may include delay for collision avoidance implemented at L1).

f)  go to (a)

The duration of the loop (a) through (f) determine how often a transport block can be transmitted, that is directly connected to the RACH throughput. 

Step b and step e may include additional delay for the purpose of collision avoidance, which will therefore inherently diminish the RACH throughput. This means that RLC needs to buffer data when collision is detected by lower layers.

From the user plane perspective, this means that the mean bit rate that can be transmitted during packet call is lower. More delay on the RACH means that for the same volume of service there will be more often a reconfiguration from CELL_FACH to CELL_DCH, implying more signalling load, and a worse code usage.

From the control plane perspective, excessive delays, depending on how the collision detection and avoidance is implemented in MAC, may imply timeout in the L3, and transaction failure.

To that extent, collision avoidance techniques need to be carefully checked for performance, that is to say RACH throughput degradation.

2. Collision avoidance techniques

2.1. no collision avoidance

This is the case when the note in MAC specification is not implemented. It was shown in [10] that this would imply too much degradation of the measurements. 

2.2. Collision avoidance at MAC

As already stated in section 1, there is no mandatory requirement to implement the MAC re-scheduling of RACH transmissions.

Let us assume that we are to implement this collision avoidance at MAC. Then there comes two issues:

· MAC does not knows the exact timing of the access ramp-up on the L1 level, and therefore cannot assess accurately whether there is really going to be some collision

· MAC does not implement itself the measurement, and therefore it does not know to which extent a collision can be tolerated or not.

2.2.1. Access exact timing unknown to MAC.

There are two reasons why the exact timing of the access is unknown to MAC.

1) The first access slot is chosen at random by L1 in the 1st access slot set that contain at least one available uplink access slot. Because of this randomisation, MAC does not know exactly when the ramp up is to begin.

2) The number of PRACH preamble retransmission cannot be predicted in advance. This number will depend on many things among which:

· the inherent open loop power control error due to non reciprocity between DL and UL for the preamble initial power computation

· the measurement inaccuracy in the UE in measuring the CPICH RSCP

· the setting inaccuracy in the UE in setting the Tx power

· the margin taken by the network for the initial power through the IEs “UL interference” + “Constant Value” and “Primary CPICH TX power” in the formula of [12]/section 8.5.7: 

Preamble_Initial_Power = Primary CPICH TX power – CPICH_RSCP + UL interference + Constant Value

· The power control accuracy requested by the UTRAN through the power-ramping factor Power_Ramp_Step

3) The access slot time structure is not known to MAC (access slot groups, access slot corresponding to RACH subchannels)

4) The exact usage of the measuremment occasion (radio switch, AGC, cell identification etc…) and what does really make a conflict to transmission/reception is not known to MAC. So optimisation in assessing a collision by taking this information into account are not possible.

5) The measurement capability granularity is on a band by band basis. However, from a UE implementation perspective, the granularity may be finer as, within the same measured band, some carrier frequency may cause conflict, while other not. MAC has no knowledge of such RF implementation dependant things, and therefore assessing the collision at the MAC level leads to pessimistic assessment and prevents optimisations.

Concerning point 1), one way out is that MAC would consider that the first transmitted preamble access slot can be in any of the available ones for the random choice. That is to say, MAC is going to consider in average 15 times as many access slot for collision as L1 would do. This means that collisions are going to be assessed more often, thus generating more delay on RACH.

This approach could be refined as in [10] by taking into account the RACH subchannels structure, however such kind of refinement consists in duplicating some L1 function (ie access slot time structure handling) within MAC, which is not a neat way for function splitting between these two layers.

Concerning point 2), there are several possible ways:

a) To consider, optimistically, that the ramp-up will comprise only one preamble (approach of [10])

b) To consider, that the ramp-up comprises K> 1 preambles, where K is some constant value.

c) To consider, that the ramp-up comprises Preamble_max_retrans preambles.

In approach (a) MAC may be too optimistic and let some collisions that would result in too much measurement degradation. Approach (c) may conversely be too pessimistic, as the parameter Preamble_max_retrans is not necessarily tightly connected to a typical number of preamble transmission. As for approach (b) it needs that MAC makes some statistics on the number of preambles (such as average, and standard deviation), which results in additional complexity. This statistics could be elaborated in Layer 1 as an alternative. This causes also complexity in L1 and L1-MAC interface. 

Anyhow, MAC needs to guess what is going to be the number of preambles, whereas L1 does not have to do this, as delaying the RACH is made on an access slot basis. This guessing is inherently less accurate than just observing as in L1.

Considering point 3), we already discussed that not handling the access slot structure, and working on a frame by frame basis results in coarser collision assessment.

Considering point 5), this means that the UE capabilities “need for UL CM” and “need for DL CM” have to be handled by MAC, although these parameters are intrisinc radio parameters that reside naturally at L1.

Given all these difficulties, it result that it is quite coarse to assess collision at the MAC level. It should be noted that taking a too pessimistic approach quickly results in always assessing collision, which means blocking RACH.

2.2.2. Tolerance of collision unknown at MAC

In the previous section we explained that it is quite coarse to assess collision at the MAC level. This means that depending on the implementation of MAC either we are going to assess collision too often, resulting in RACH congestion. or we are going to assess it too scarcely, resulting in degradation of the measurements. 

There is therefore some trade-off to be made.

Here again, handling the collision avoidance at the MAC level results in a poor function split between MAC and L1. Making such a tradeoff necessitate to know how are the measurements implemented in L1. This means that MAC implementation would be dependant on L1 implementation. This is not desirable approach, as it makes UE integration and test significantly more difficult, as well as it render maintenance and software reuse more complex.

2.3. Collision avoidance at Layer 1

As seen from the previous section, MAC has no precise timing knowledge of the RACH access. The technique described in [2] is implemented at Layer 1 and takes benefit from the “natural” access slot timing maintained at this layer.

Figure 2 depicts the way the collision is handled in this scheme :

· the access slot is known by layer 1,

· if UL CM is needed, therefore, the timing of the first preamble is known. 

· the same detection applies for the following preambles, if any,

· as Layer 1 knows the preamble timing, it may detect collision with AICH as well,

All Collisions are precise at the RACH to MO offset granularity i.e; 256 chips. Furthermore optimisation are enabled in assessing the collision by taking into account what part of the MO is actually not exclusive with collision, and possibly taking into account what radio frequency is measured (and not simply what band).

L1 is able to predict before transmitting a preamble whether this preamble, or the corresponding AICH, or the corresponding message part (in case of positive acknowledgement) would cause any collision on a measurement occasion.

Furthermore, as measurements are also implemented in L1, L1 can assess whether the potential collision that was predicted can be tolerated by the measurement (ie can one missing sample be tolerated). For instance L1 can use some counter in order to make sure that MO are not punctured at a rate higher than one in 16. That kind of simple approach makes it easier to implement measurement in L1 as there is some guaranteed, deterministic, measurement occasion rate. 

If the MO cannot be discarded (ie collision tolerated by measurements) during the ramp-up, then the ramp up is suspended up to the end of the MO. That is to say, the L1 selects the next access slot available in the set of available RACH sub-channels within the given ASC.

If the collision cannot be tolerated during the first preamble, then the RACH access randomly selects one access slot in the next available access slot set (in the set of available RACH sub-channels within the given ASC) coming after the measurement occasion. Thus the first transmitted preamble access slot remains uniformly distributed, which is the intention of this randomisation.
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Figure 2 : Collision prediction at Layer 1

3. Conclusion

This paper has compared the collision detection at MAC versus at L1. It clearly appears that collision detection at MAC 

· is inherently less accurate than at L1 (given that MAC is working on a frame by frame basis)

· prevents some optimisation tightly connected to the L1 implementation

· results in a poor function split between MAC and L1.

· is not completely specified, thus allowing significant difference of performance between UEs.

Furthermore, it has been shown elsewhere in [10] that implementing the collision avoidance at MAC results in significant performance degradation in terms of 

· RACH throughput and access delay

· measurement performance.

Therefore we suggest that RAN WG2 should 

· remove the cautionary note from MAC specification from release 5 (Mitsubishi will submit a CR if this decision is taken), and

· urge RAN WG1 to implement the CR proposed in [2] in answering to LS [1].

4. Proposed answer LS

Here below we propose answers to the LS sent by RAN#WG1[1] (same answers were proposed to RAN WG4):

1. Q: 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.

A: collision between RACH access and the measurement occasion is a very serious problem that degrades significantly the UE performance of RACH access in terms of maximum RACH data rate, RACH access delay and initial BSIC verification time. The impact on measurements is not only for inter-FDD frequency measurements (see RAN2 cautionary note in MAC spec) but also for BSIC verification for inter-RAT measurements,

2. Q: 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?).

A: The Layer 1 collision avoidance technique performs significantly better any MAC Layer collision avoidance technique. RAN#WG2 kindly suggests that RAN#WG1 should further consider the CR proposed in [2],
3. Q: depending on the seriousness of the problem, from which release should the problem be fixed.

A: Although the problem is very serious, it is not fatal to the system, to the extent that only the UE not implementing some fix are impacted. So, it is proposed to incorporate the Layer 1 collision avoidance technique only from Release 5.
4. Q: if acceptable to make the CR at the RAN WG1 level, does RAN WG2 have any feedback on the CR to RAN WG1 documentation ?

A: no feedback.
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