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1. Introduction

Currently it is not specified how a UE shall select the “default RACH” if several RACHs are indicated in system information. Such a selection algorithm however cannot be left unspecified in order to prevent that all UEs may always try to use the same RACH.

A possible selection scheme was proposed by Samsung and Ericsson [1, 2] at RAN2#14.  Since agreement could not be achieved immediately  it was decided to postpone further discussion to the mail reflector.

2. Summary of Discussions 

Following issues were addressed in the discussions:

· General selection scheme,

· Selection between 10 and 20 ms TTI,

· RACH selection in emergency call.

As a result of the email discussions, updates of the previous draft CRs have been produced and submitted to this meeting [3,4]. The updated proposal is discussed below. 

2.1 
General selection scheme

A basic requirement for the RACH  selection scheme  is to ensure a uniform distribution of the load over the available RACHs. 

In the initial proposal [1, 2] a simple selection scheme based on a UE Identifier was suggested, which uniformly distributes the UEs onto the available RACHs:

                          “Index of selected PRACH”  = ”Initial UE Identity” mod K,

where K is the number of available RACHs. With this selection algorithm, each UE is mandated to use a specific RACH (if the UE is not assigned another one by a dedicated message). It is not possible for the UE to switch to another RACH. This scheme is very simple as there is no need for RACH reselection within one cell, and the UE needs to monitor the PRACH system information parameters only for one specific RACH/PRACH.

In the discussion of the above scheme, concern about its “fairness” was expressed. In case that the persistence values of the various RACHs are very different, some UEs would be required to employ a larger backoff delay than those experiencing a relatively high persistence level.  

A scheme where each UE has possibility to select any of the available RACHs  with some random-number based  selection algorithm was therefore preferred ,

                          “Index of selected PRACH” = floor( (rand*K) mod K),

where “rand” is a uniformly distributed random number in the range 0,…,1, K is the number of available RACHs as above, and “floor” refers to rounding down to nearest integer. This scheme allows  that every UE can select any of the available RACHs with uniform probability. 

Both selection schemes generally fulfil the requirement of load equalization over the available RACHs.

When a random number based-selection scheme is used, the question arises for which conditions  RACH  reselection should  be triggered. There are several  possibilities:

· RACH (re)selection is performed at cell selection/reselection only

This costs a  minimum amount of  complexity in the UE. However, as a UE may stay for a very long time on one particular RACH, it requires that the random number based selection scheme fulfils some minimum requirements regarding initialization of  the random  number generator. It should be prevented that all UEs select the same RACH after switching power on (where the “seed” of the random number generator may be initialized). This can be prevented in several different ways, e.g. by combining the initial seed with a UE-ID (IMSI) or a time-based parameter. 

· RACH selection is performed for every  transmission of a “new” Transport Block Set on RACH

This scheme requires somewhat more processing complexity than the above one, but may also be reasonable.  

· RACH selection is performed for every new PRACH access on MAC

This would require  a big amount of additional complexity in the UE, not only for RACH selection and tracking of several set of access parameters, but also for possibly very frequent reconfigurations of the UE  physical layer. Such a scheme is therefore not recommended.

As the random number based scheme is regarded as suitable by all parties which contributed to the discussions, it was selected and included into the updated CRs [3, 4]. 

Regarding the frequency of  RACH reselection it is proposed that the above first trigger mechanism, i.e. RACH (re)selection at cell selection/reselection,  shall be the only mandatory trigger. However, the second trigger, RACH (re)selection for every  transmission of a “new” Transport Block Set, shall not be prevented (up to manufacturer). 

The selection algorithm is kept independent of persistence level, also to limit the frequency of  reselection. If dependent on persistence value, the selection may  need  to be repeated for each  potential update of persistence level.

2.2 
Selection between 10 and 20 ms TTI

In the initial draft CRs [1, 2] it was only stated that selection between 10 and 20 ms TTI should be based on transmit power requirements. 

Details of  a suitable selection mechanism were discussed via email . The final proposal included into the draft CRs  [3, 4]  works as follows (parameters are illustrated in Figure 1):

· Firstly, following power levels are computed:

·  “Preamble_Initial_Power” (denoted   Pp init in Fig. 1), with open loop power control procedure (Sec.  8.5.9 in 25.331). 

· The maximum allowed and/or possible uplink transmit power, 












P_tx_max = min(“Maximum allowed UL tx power”, P_MAX),
where “Maximum allowed UL tx power” is broadcast in system information, and P_MAX is the maximum UE transmit power (note that these power levels are also employed in the cell selection/reselection scheme).

· The power required for transmission of the RACH Transport Block Set, in case it would be send using the       10 ms-TTI directly after the first preamble, 

Pmsg = Preamble_Initial_Power + (Pp-m + 10*log10(1 + ((d/(c)2 ),

where (Pp-m is the offset between preamble power and control part of the RACH message, and (d and (c are the gain factors of the message and control parts, respectively, all broadcast in system information.

· The difference (in dB) between PRACH message power Pmsg and maximum power P_tx_max, referred to as power margin, Margin = P_tx_max ( Pmsg.
· The decision whether to use the 10 or 20 ms TTI is then made by using a threshold on the margin. If the margin is lower than a given threshold, the 20 ms TTI shall be employed.   It is proposed to employ a  fixed  threshold value of 6 dB to avoid definition of an additional system information parameter.

The selection of a fixed 6 dB margin is motivated by the following considerations.

The IE "Constant Value" used in the open loop power control algorithm represents a reference signal-to-interference ratio (Ec/I0). In case of ideal power estimation (i.e. CPICH RSCP in  the UE and UL interference level in the Node B) the reference signal-to-interference ratio could be set such that the UE uses exactly a desired initial transmit power              Pp target needed to achieve a desired target BLER (of e.g. 1 %) for the 10 ms-RACH message (see Figure 1).  However in practice the reference signal-to-interference ratio “Constant value” is backed off  by an amount which takes into account estimation errors and uncertainties due to unknown channel propagation conditions, which is in the order of  Pbackoff = 4 … 6 dB. The real backoff towards the transmit power level needed to detect the preamble, and subsequently receive the message with a desired BLER, is then approached with the L1 ramping procedure. To ensure that the ramping procedure can be completed with reasonable high likelihood by successful transmission of the PRACH message,  it is rather obvious that the margin  should lie in the order of the power backoff Pbackoff  incorporated in IE "Constant Value".

Essentially this procedure provides the desired feature, that for bad propagation conditions (e.g. due to high attenuation at the cell boundary) the 20 ms TTI RACH is selected directly.  This provides a higher likelihood that the L1 ramping procedure can be completed successfully as the margin for the 20 ms TTI is approx. 3 dB higher.

It is furthermore  proposed that the UE shall perform reselection of the RACH TTI only after successful transmission of one Transport Block Set. However, in case that  L1 message transmission on PRACH has failed  at least once  while using 10 ms TTI, the UE should be allowed to  use the 20 ms TTI RACH for the retransmission. This could be implemented as part of an implementation specific error handling procedure for  RACH Message transmission failure.

A flowchart of the overall proposed RACH selection scheme is  shown in Figure 2. It corresponds to the proposed specification text in CR472 to 25.331 [3].
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Figure 1: Illustration of parameters for TTI selection
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Figure 2: Illustration of the overall RACH selection scheme

2.3
RACH selection in emergency call

It was clarified  in the discussions that the present RACH selection scheme already allows to access the RACH without backoff delay (i.e. with persistency value P0 = 1, specified for Access Service Class 0).  Therefore both selection schemes, the initially proposed scheme based on UE-ID as well as the random number based scheme, do not impose any problems with regard to emergency call. 

However in the updated CRs a sentence is included, stating that the UE is not required to apply the selection scheme in case of an emergency call. Whether a specific (possibly faster) scheme for emergency call is implemented in the UE or not is left to implementation.
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Annex:  Summary of E-mails exchanged on the reflector

General selection Scheme

[ERICSSON, 21. 07.]  At the last  RAN2 meeting two CRs on RACH selection were postponed for further discussion on the mail reflector (attached to this mail for reference):

R2-001492 Postponed CR 471 to 25.331 on RACH selection (Ericsson, Samsung),

R2-001493 Postponed CR 043 to 25.304 on RACH selection (Ericsson, Samsung).

For the first round of discussion, I would like to ask the colleagues who could not agree at the RAN2 meeting to the proposed selection algorithm to send their comments and/or questions for further discussion.

[GBT,  24. 07.]  In the discussion at RAN2#14, I postulated a scenario for RACH which pointed out a characteristic of the proposed selection method which seemed to include some undesirable behavior.  In the case where there are two RACHs defined with two different persistency values, one of which is set to 0 (no access allowed), one half of the UEs being served would NEVER be allowed to access RACH.  This is obviously a problem for emergency calls, but I feel it is also a problem for routine calls.  The concept of RACH as "Random Access"  always allows for possibility for access to RACH channel.  When any RACH resource is available, ALL UEs should have "equal" access rights to use those resources.  The proposed selection scheme does not allow this.

Instead of defining exceptions to a general selection scheme which clearly causes problems for emergency calls, why not fix the general selection scheme?  The described scheme uses [UEID]mod_#availRACHs to select a RACH.  A better approach would be any of the following:

1.  Instead of UEID in the above expression, use a random number generated by the UE which is then XORed with UEID.

2.  Instead of UEID in the above expression, use a random number generated by the UE  which is XORed with UEID and then XORed with current SFN.

3.  Instead of UEID, use a random number which is generated by a seed based on UEID.

4.  Instead of UEID, use a random number which is generated by a random seed which has been XORed with UEID.

5.  Instead of UEID, use a random number which is generated by a random seed which has been XORed with UEID and then XORed with current SFN.

Other solutions are also possible.

Any of the above approaches would seem to be better than the proposed approach based only on UEID.  It would be up to discussion and decision to select one particular approach.

[ERICSSON, 28. 07.]  I agree that the schemes you propose for RACH selection are also reasonable candidates (such a scheme was also included in the discussion part of  R2-001492). In this case however,   we probably also need  to specify the random number generator, in order to prevent that  at some given time instant all UEs would select the same RACH.  As the scheme in any case is somewhat more complex than the proposed one, we  should have some justification for choosing it compared to the more simple UI-ID based selection algorithm.

[PHILIPS, 26. 07. ]  I also belonged to the group of delegates who were astonished to see a selection rule based on UEIDs and not on random numbers. The following statement can be made, in case the selection rule based on UEIDs is applied:

In case two UEs select the same RACH with the result of a collision, they will with probability 1 select the same RACH in the next attempt. Only the persistency probability p_pers can then cause a randomisation, which can avoid a second collision. In case of random selection of the RACH (each RACH with prob 1/K, given there are K RACHs), the randomisation is definitely stronger: while in the first case the conditional probability of a collision after a collision is determined by p_pers, it is determined by 1/K p_pers in the case of random selection.

As a consequence, p_pers will have to be set lower than actually required, in order to avoid multiple collisions in a row. This definitely increases the delay in accessing the RACH.

The arguments against random selection stated on RAN2#14 were a bit strange: It was stated that testing random numbers was very difficult (however we already have the persistency probabilities, which have to be tested). As far as I know from GSM handset tests, not each produced handset is tested but only one representative version of the handset type, not each specimen that will once be sold. So a second test on random numbers for RACH access should not be a big problem.

[ERICSSON, 28. 07. ]  I don't agree that the scenario you describe is really a problem for following reason: I believe that for "normal" cell configuration anyway just a single PRACH will be sufficient.

If we have just a single PRACH the scenario you  describe is managed by the backoff algorithm we have specified (as you remember after very deep discussions).  Assumed it works for one PRACH,  I cannot understand why it should not work equally well for two and more PRACHs, provided that the load on each of the PRACHs is equalized. The load distribution can be handled either by performing  modulus operation  on the UE-ID  or by using a random number scheme. As also stated in my reply to Joe Kwak's comments, I am definitely not against a random selection scheme. My point is only that I don't see any big gain from it. The UE-ID based scheme works well (as for S-CCPCH selection) and the UE does not have to do re-selection  (and PHY reconfiguration) before every access attempt.

[NTT DoCoMo,  03. 08. ]  I also agree with your opinion that in case of several PRACHs exist in a cell, UE uses a specific PRACH which is selected by the UE at first attempt at that cell (first selection maybe UE-ID based or random scheme). I don't see a need for selecting PRACH before every access attempt.

[GBT,  11. 08. ] I personally do not see the need to specify a random number generator function.  We already us the random number concept with persistency to control initial access for RACH and CPCH with no need to specify PN generator functions.  In all of my proposed options, we XOR (exclusive OR binary function) UE ID into any Random number generated. This precludes all UEs from obtaining same result, even if the same "random" number were obtained by all UEs at a given instant.

(Complexity:) I agree.  The justification for increase complexity should be based on realization that under certain RACH persistency conditions, the proposed scheme permanently denies ALL RACH service (except for emergency calls) to certain UEs.

[ERICSSON,  11. 08. ] As it seems that in our discussions the random number based selection scheme is preferred, I have changed the proposal accordingly.

Selection between 10 and 20 ms TTI
 [ERICSSON, 21. 07. ]  Regarding the second item, naturally the selection should be made based on the setting of  open loop power control parameters, path loss (Sec 8.5.9 in 25.331) and  "power offset information" IE for RACH. When the necessary power P_tx_ref is not available at the UE to transmit a 10 ms RACH message, it shall select the 20 ms - RACH. P_tx_ref  could be calculated e.g. as

Preamble_initial_power  +  Preamble_Retrans_Max*Power_offset  + Power_offset(Preamble-10ms_Message)

Details are to be defined. Please let me know your opinion on above proposals. If there is no objection I could include it into  updates of the CRs. 

[GBT,  24. 07. ]  I agree with the intent of your proposed clarification for item 2).  It is unambiguous and satisfies the original requirement to extend the RACH size to 20 msec when UE conditions do not permit use of the normal 10 msec RACH.  However, since Preambe_Retrans_Max may be set to a number as high as 64, the exact expression you propose may always lead to selecting 20 msec.  Perhaps we can find a better expression?

An alternative might be a heuristic RACH procedure which will use 20 msec RACH only after 1 or 2 successive RACH attempts in which TX_pwr_max has been reached.  This tests the power ceiling before using the longer RACH at lower power. Comments and other opinions are welcome.
 [ERICSSON, 28. 07. ]  I agree that using  "Preamble_Retrans_Max" in the power calculation formula was maybe not such a good approach. As you recognized, the actual  idea of the proposal is to define some reference power level  which, if it is not met by the UE, should result in selection of the 20-ms RACH, i.e. the one that requires less power.

If  there is a "reasonable likelihood" that  a 10 ms message comes through, the UE should with  preference select this format as it is somewhat more spectrum efficient. However in my opinion the gain compared to the 20 ms message is not that high,  that the selection decision would be very critical.

The best solution probably would be if the UE could make the TTI selection after the preamble has been acknowledged by the UE. Due to implementation reasons this solution is however not possible as the UE cannot be configured for a specific transport format instantaneously.

The solution you proposed as  "heuristic RACH procedure", using the 20 ms TTI only after 10 ms-transmissions has failed a few times creates in my opinion unnecessary interference and delay. It could  possibly be defined as a case of "error handling" but should not be applied as general selection scheme in my opinion.

A modification of my  initial proposal could work for instance as follows: In the UE  the margin between preamble_initial_power and  maximum allowed UE TX power could be computed,

margin = maximum_allowed_UE_tx_power - preamble_initial_power

where maximum_allowed_UE_tx_power is the IE 10.3.6.33 in 25.331. If this margin is lower than a certain threshold the 20 ms-TTI could be selected, otherwise the 10 ms TTI. A question than is whether the selection threshold would need to be broadcast or whether it can be set to some  fixed value in the UE.

The idea of this proposal is simply to choose the safer access format  (20 ms TTI)  when the power margin is quite low, which in practice  will happen only for UEs close to cell boundary.  Please, let me know your opinion on this proposal.

[NTT DoCoMo, 11. 08.]  Our layer 1 experts have checked your proposal and they have no objection to your 2nd proposal.

[GBT,  11. 08.] On the notion of using this margin concept for UEs at the cell edge, it seems that if UTRAN adjusts the maximum_allowed_UE_tx_power based on some knowledge of UE range from Node B (RSCP measures, for instance), than maximum_allowed_UE_tx_power may not necessarily mean max at the cell edge.  In any case, the need for the UE to comply with UTRAN max power limits may permit the UE to use the longer 20 msec RACH anywhere in the cell, based on conditions and parameter settings.

[ERICSSON,  11. 08.] I have included a scheme as  discussed in the previous mails, where the selection is based on a transmit power margin, i.e. the difference between the maximum UE transmit power level and the power level needed to transmit the RACH message (Transport Block Set) if it would be send  directly after the  first PRACH preamble. I propose in  CR 471 to set the threshold of this margin used for selection between 10 and 20 ms TTI to a fixed value of 6 dB.

The threshold value could of course also be defined as a new  IE in system information. I however think that the choice of the threshold is not very critical,  that introduction of a new IE is really justified. The selection of a fixed 6 dB margin can be substantiated as follows:

- Assume that the IE "Constant Value" (reference CIR)  used in the open loop power control algorithm is set approx. 4 - 6 dB lower than necessary to achieve  a desired target BLER (of e.g. 1 %) for 10 ms-RACH Message (presumed that sufficient power is available to send the message after the backoff  is compensated with ramping and the preamble has been acquired in the base station)

Then the BLER of the RACH message, if sent after the initial preamble could typically be in the order of  5 - 10 % when there are no measurement errors (exact value depends on some implementation details in the PRACH receiver). In order to be able to reach the desired target CIR,  we  need therefore a  margin  in the order of the power backoff  included in "Constant Value". A choice of 6 dB, i.e. a value in the order of the a likely power backoff seems to be a reasonable choice. If the actual margin is lower, using of the 20 ms TTI will provide a somewhat higher likelihood that the RACH message is received correctly, as there is approx. 3 dB less power needed (i.e. a 3 dB higher margin available).

In the attached draft CRs the changes compared to previous version are visible with different color.

Please let me know your comments at the latest on Monday noon. That is the latest possibility for me to produce another update of the CRs and the summary of this discussion group. Any further issues would need to be discussed at the meeting.

[SAMSUNG, 25. 07.] I have one question about selection between 10 and 20ms TTI. In current 25.331 V3.3.0, there is no PRACH message length information in SIB5 and SIB6. I think there was an editorial mistake in making new 25.331 specification from V3.1.0 to V3.2.0. It is better to clarify firstly the PRACH message length why removed in V3.2.0 and V3.3.0. If I missing point in understanding 25.331 V3.3.0 , please let me know.

[ERICSSON, 28. 07.] The RACH message length is defined in SIB 5 and 6 as follows:

SIB 5, SIB 6 <- "10.3.6.47 PRACH system information list"  <- "10.3.5.23 RACH TFS".

I don't think anything is missing.

[MITSUBISHI, 28. 07.] You could say that the message length is the TTI...

RACH selection in emergency call

[ERICSSON, 21. 07.]  My proposal regarding the first item would be to include a sentence stating that for emergency call the UE may select any of the RACHs indicated in system information.

[GBT,  24. 07.]  In the discussion at RAN2#14, I postulated a scenario for RACH which pointed out a characteristic of the proposed selection method which seemed to include some undesirable behavior.  In the case where there are two RACHs defined with two different persistency values, one of which is set to 0 (no access allowed), one half of the UEs being served would NEVER be allowed to access RACH.  This is obviously a problem for emergency calls, but I feel it is also a problem for routine calls.
[ERICSSON,  28. 07. ] In the present scheme, we have defined an Access Service Class, ASC0 where always persistency value P_0 = 1 is applied, see Sec 8.5.14 in TS 25.331. Both TS 25.331 and 25.321 state  "ASC 0 shall be used in  case of  Emergency Call or for reasons with equivalent priority." Therefore the potential problem you describe with regard to emergency call is already taken care of.

[GBT,  11. 08.] Yes, it appears that this exception rule for emergency calls would supersede the general rule for RACH selection.  So emergency calls do not appear to be a problem here.  My prior comments, then, should apply to improving the general scheme for RACH selection so that all UEs have fair and "equal" access to RACH resources.

[ERICSSON,  11. 08. ] I have included into both CRs sentences that the UE may select any of the available RACHs for emergency call (i.e. the UE may or may not apply the specified selection scheme, details are left for implementation).
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