
_____________________________________________________________________________________________________________


TSG-RAN Working Group 2 (Radio layer 2 and Radio layer 3) 
                   TSGR2#23(01)1885

Helsinki, 27th to 31th Aug 2001


Agenda Item: 9.4

Source: Philips



Title: CPCH with no undetected and hence no remaining collisions

Document for:  Discussion 

__________________________________________________________________________________________________
1. Introduction

In the current access scheme of the CPCH, collisions cannot be completely avoided. A collision, which cannot be resolved by means of the collision resolution phase, happens, if at least two UEs choose the same collision resolution preamble in the same access slot within the same double-frame.

This can happen, if at least two UEs send the same access preamble in the same access slot, and receive – after a number of power-ramping steps – the acquisition indication. Since node B only receives the accumulated preamble power, it cannot detect that more than one UE have sent the same access preamble.

For each CPCH set
, there are 16 different AP (access preamble) signatures and 16 different CR (collision resolution) preamble signatures, i.e. there are 16 different choices to select the AP and the CR preamble. The AP identifies a data rate on the CPCH, i.e. as a maximum 16 different data rates can be supported.

The conditional probability that, given that two UEs have chosen the same AP (i.e. need the same data rate on the CPCH at the same time), these two UEs also choose the same CR preamble, is given by 
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which is still quite high. In view of the fact that the message part of a CPCH transmission can span over a large number of frames, collisions should be avoided as far as possible.

2. Detecting all unresolved collisions in the CR phase
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If during the collision resolution phase, the CR preamble transmissions were not all sent at the beginning of the access slot of length 5120 chips, but were, for each of the UEs, belonging to the CPCH user group of the very CPCH set, shifted in time, in a unique manner, the CR preamble transmissions of different UEs could be differentiated in the node B, and node B would be able to detect every collision not resolved by the collision resolution phase. 

Note that Node B ACKs cannot also have this time shift applied, therefore it is not possible to individually acknowledge a combination of ACK and time shift (hence completely resolving a collision), but instead we have to prevent either UE from continuing into the message part by not sending an ACK at all. Instead of sending an ACK for the particular CR preamble, no ACK is sent at all, and the UEs, which are involved in the collision will not start sending the message part. This is illustrated in the following figure on the left hand side.

2.1 How to dimension the time-shift

As a time-shift, 256 chips (1 chips corresponds to about 78 m, i.e. 256 chips equal 19 km) would suffice in order to distinguish the UEs (also if they are moving fast) so that within one access slot of 5120 chips, as a maximum, 20 sub-access-slots (resulting from the time-shift) can be defined.  

For cells with larger radius than19 km this technique can still be used, but with fewer sub-access-slots (e.g. 10 spaced by 512 chips).

In order to ensure that there is sufficient time to process uplink transmissions prior to transmission of downlink acknowledgements, it may be necessary to choose the larger time between access preamble and AP-AICH (( p-a1 in 25.211 v3.2.0 section 7.4 PCPCH/AICH Timing Relation) in medium sized cells, or to limit the use of larger valued offsets. These decisions require no changes to the standards, but would be made on a cell specific basis by operators.

2.1.1 How many UEs can use one CPCH set simultaneously ?

Assigning to each UE in the CPCH user group a unique sub-access-slot, and keeping the 16 CR preambles to choose from, would only allow to have 20 CPCH users in the user group for this particular CPCH set. This is, however, not required, since the randomisation of the CR preamble is now not of the greatest importance, because there are no undetected, unresolved collisions any longer in the collision resolution phase.  

That means, splitting the set of 16 CR preambles into 2, 4 or 8 sub-sets of 8, 4 or 2 preambles, and assigning to each UE one CR preamble sub-set and one sub-access slot, where UEs that are assigned different CR preamble sub-sets, can use the same sub-access slot, yields 40, 80, or 160 UEs in the CPCH user group for the CPCH set, which can be distinguished. 

This number seems to be well sufficient, especially because the number of UEs to use the CPCH at the same time is limited anyway from a performance point-of-view, since the uplink data rate is limited, the maximum number of UEs using the CPCH at the same time has to be limited somehow. Otherwise, the rejection rate after sending an AP is very high (i.e. it would make more sense to reduce the number of UEs and avoid the useless AP transmissions), and the number of unresolved collisions increases.

The following tables show possible assignments of sub-access slots and CR preambles:

Up to 20 UEs in the user group of the CPCH set:

	
	UE1
	UE2
	UE3
	UE4
	UE5
	UE6
	UE7
	UE8
	UE9
	UE10

	Sub-access slot
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	CR preambles to choose
	1…16
	1…16
	1…16
	1…16
	1…16
	1…16
	1…16
	1…16
	1…16
	1…16

	
	
	
	
	
	
	
	
	
	
	

	
	UE11
	UE12
	UE13
	UE14
	UE15
	UE16
	UE17
	UE18
	UE19
	UE20

	Sub-access slot
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	CR preambles to choose
	1…16
	1…16
	1…16
	1…16
	1…16
	1…16
	1…16
	1…16
	1…16
	1…16


Up to 40 UEs in the user group of the CPCH set:

	
	UE1
	UE2
	UE3
	UE4
	UE5
	UE6
	UE7
	UE8
	UE9
	UE10

	Sub-access slot
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	CR prembles to choose
	1…8
	1…8
	1…8
	1…8
	1…8
	1…8
	1…8
	1…8
	1…8
	1…8

	
	
	
	
	
	
	
	
	
	
	

	
	UE11
	UE12
	UE13
	UE14
	UE15
	UE16
	UE17
	UE18
	UE19
	UE20

	Sub-access slot
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	CR prembles to choose
	1…8
	1…8
	1…8
	1…8
	1…8
	1…8
	1…8
	1…8
	1…8
	1…8

	
	
	
	
	
	
	
	
	
	
	

	
	UE21
	UE22
	UE23
	UE24
	UE25
	UE26
	UE27
	UE28
	UE29
	UE30

	Sub-access slot
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	CR prembles to choose
	9…16
	9…16
	9…16
	9…16
	9…16
	9…16
	9…16
	9…16
	9…16
	9…16

	
	
	
	
	
	
	
	
	
	
	

	
	UE31
	UE32
	UE33
	UE34
	UE35
	UE36
	UE37
	UE38
	UE39
	UE40

	Sub-access slot
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	CR prembles to choose
	9…16
	9…16
	9…16
	9…16
	9…16
	9…16
	9…16
	9…16
	9…16
	9…16


Up to 80 UEs in the user group of the CPCH set:

	
	UE1
	UE2
	UE3
	UE4
	UE5
	UE6
	UE7
	UE8
	UE9
	UE10

	Sub-access slot
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	CR prembles to choose
	1...4
	1...4
	1...4
	1...4
	1...4
	1...4
	1...4
	1...4
	1...4
	1...4

	
	
	
	
	
	
	
	
	
	
	

	
	UE11
	UE12
	UE13
	UE14
	UE15
	UE16
	UE17
	UE18
	UE19
	UE20

	Sub-access slot
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	CR prembles to choose
	1...4
	1...4
	1...4
	1...4
	1...4
	1...4
	1...4
	1...4
	1...4
	1...4

	
	
	
	
	
	
	
	
	
	
	

	
	UE21
	UE22
	UE23
	UE24
	UE25
	UE26
	UE27
	UE28
	UE29
	UE30

	Sub-access slot
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	CR prembles to choose
	5...8
	5...8
	5...8
	5...8
	5...8
	5...8
	5...8
	5...8
	5...8
	5...8

	
	
	
	
	
	
	
	
	
	
	

	
	UE31
	UE32
	UE33
	UE34
	UE35
	UE36
	UE37
	UE38
	UE39
	UE40

	Sub-access slot
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	CR prembles to choose
	5...8
	5...8
	5...8
	5...8
	5...8
	5...8
	5...8
	5...8
	5...8
	5...8

	
	
	
	
	
	
	
	
	
	
	

	
	UE41
	UE42
	UE43
	UE44
	UE45
	UE46
	UE47
	UE48
	UE49
	UE50

	Sub-access slot
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	CR prembles to choose
	9...12
	9...12
	9...12
	9...12
	9...12
	9...12
	9...12
	9...12
	9...12
	9...12

	
	
	
	
	
	
	
	
	
	
	

	
	UE51
	UE52
	UE53
	UE54
	UE55
	UE56
	UE57
	UE58
	UE59
	UE60

	Sub-access slot
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	CR prembles to choose
	9...12
	9...12
	9...12
	9...12
	9...12
	9...12
	9...12
	9...12
	9...12
	9...12

	
	
	
	
	
	
	
	
	
	
	

	
	UE61
	UE62
	UE63
	UE64
	UE65
	UE66
	UE67
	UE68
	UE69
	UE70

	Sub-access slot
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	CR prembles to choose
	13...16
	13...16
	13...16
	13...16
	13...16
	13...16
	13...16
	13...16
	13...16
	13...16

	
	
	
	
	
	
	
	
	
	
	

	
	UE71
	UE72
	UE73
	UE74
	UE75
	UE76
	UE77
	UE78
	UE79
	UE80

	Sub-access slot
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	CR prembles to choose
	13...16
	13...16
	13...16
	13...16
	13...16
	13...16
	13...16
	13...16
	13...16
	13...16


2.1.2 A different approach

2.1.2.1 Fixed assignment of CR preambles, if there are not more than 16 UEs using the same CPCH set

Looking at the number 16 of available CR preambles provides a different approach to using the CR preamble for avoiding unresolved collisions: If there are not more than 16 UEs in the CPCH user group of that CPCH set, it would be completely sufficient to assign to each UE a unique CR preamble and no longer allow a random choice of the CR preamble. In this case, with only a few UEs not higher than 16, there is no need for sub-access slots at all, which simplifies the implementation considerably. 

2.1.2.2 Further increasing the number of UEs to use the same CPCH set

The number can easily be doubled (while still keeping the number of sub-access slots considerably lower than 20), if two sub-access slots were allocated, and the 32 UEs were grouped into two sets of 16 each: the first 16 UEs are assigned to use the first sub-access slot (with a fixed assignment of the CR preamble), and the remaining 16 UEs use the second sub-access slot (with fixed assignment of the CR preamble). 

Then, however, for each CR preamble, there are two UEs (one belonging to the first set, and one belonging to the second set), which use the same CR preamble. If in this case, these two UEs accidentally tried to use at the same time the same CPCH data rate, the unresolved collision would be detected, but the access to the CPCH would be rejected for both every time they would try to access the same CPCH simultaneously. Without an additional randomisation, it would be the persistency check when starting the AP power ramping again, which would ensure that next time these UEs send the same AP, these two UEs do not send it simultaneously.

An additional randomisation based on a CR preamble set to choose from would help here, in order to allow for the case that one of the UEs detected to be in collision can be granted access.

To double the number of UEs in the CPCH user group from 16 (with fixed CR preamble assignment) to 32, and at the same time have some randomisation (two different CR preambles to choose from), requires at least 4 sub-access slots, which are assigned to 4 different sets of UEs containing 8 UEs each. Each UE in the set can choose between two CR preambles. 


An important additional feature would be the assignment of the second CR preamble: Looking at one CR preamble, that is assigned to UEs in the 4 sets, the second CR preamble, assigned to these same UEs to choose randomly, should not be the same in order to improve the randomisation
. The following scheme explains how the assignment could look like: 

	
	CR preamble
	
	CR preamble
	
	CR preamble
	
	CR preamble

	Set1
	1rst
	2nd
	
	Set2
	1rst
	2nd
	
	Set3
	1rst
	2nd
	
	Set4
	1rst
	2nd
	

	UE1
	1
	2
	
	UE9
	1
	4
	
	UE17
	1
	6
	
	UE25
	1
	8
	

	UE2
	3
	4
	
	UE10
	3
	6
	
	UE18
	3
	8
	
	UE26
	3
	10
	

	UE3
	5
	6
	
	UE11
	5
	8
	
	UE19
	5
	10
	
	UE27
	5
	12
	

	UE4
	7
	8
	
	UE12
	7
	10
	
	UE20
	7
	12
	
	UE28
	7
	14
	

	UE5
	9
	10
	
	UE13
	9
	12
	
	UE21
	9
	14
	
	UE29
	9
	16
	

	UE6
	11
	12
	
	UE14
	11
	14
	
	UE22
	11
	16
	
	UE30
	11
	2
	

	UE7
	13
	14
	
	UE15
	13
	16
	
	UE23
	13
	2
	
	UE31
	13
	4
	

	UE8
	15
	16
	
	UE16
	15
	2
	
	UE24
	15
	4
	
	UE32
	15
	6
	


Each Set corresponds to one sub-access slot. Each UE can choose between two different CR preambles.

With 8 sub-access slots, 64 UEs could be supported each choosing between two CR preambles randomly:

	
	CR preamble
	
	CR preamble
	
	CR preamble
	
	CR preamble

	Set1
	1rst
	2nd
	
	Set2
	1rst
	2nd
	
	Set3
	1rst
	2nd
	
	Set4
	1rst
	2nd
	

	UE1
	1
	2
	
	UE9
	1
	4
	
	UE17
	1
	6
	
	UE25
	1
	8
	

	UE2
	3
	4
	
	UE10
	3
	6
	
	UE18
	3
	8
	
	UE26
	3
	10
	

	UE3
	5
	6
	
	UE11
	5
	8
	
	UE19
	5
	10
	
	UE27
	5
	12
	

	UE4
	7
	8
	
	UE12
	7
	10
	
	UE20
	7
	12
	
	UE28
	7
	14
	

	UE5
	9
	10
	
	UE13
	9
	12
	
	UE21
	9
	14
	
	UE29
	9
	16
	

	UE6
	11
	12
	
	UE14
	11
	14
	
	UE22
	11
	16
	
	UE30
	11
	2
	

	UE7
	13
	14
	
	UE15
	13
	16
	
	UE23
	13
	2
	
	UE31
	13
	4
	

	UE8
	15
	16
	
	UE16
	15
	2
	
	UE24
	15
	4
	
	UE32
	15
	6
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Set5
	1rst
	2nd
	
	Set6
	1rst
	2nd
	
	Set7
	1rst
	2nd
	
	Set8
	1rst
	2nd
	

	UE33
	1
	10
	
	UE41
	1
	12
	
	UE49
	1
	14
	
	UE57
	1
	16
	

	UE34
	3
	12
	
	UE42
	3
	14
	
	UE50
	3
	16
	
	UE58
	3
	2
	

	UE35
	5
	14
	
	UE43
	5
	16
	
	UE51
	5
	2
	
	UE59
	5
	4
	

	UE36
	7
	16
	
	UE44
	7
	2
	
	UE52
	7
	4
	
	UE60
	7
	6
	

	UE37
	9
	2
	
	UE45
	9
	4
	
	UE53
	9
	6
	
	UE61
	9
	8
	

	UE38
	11
	4
	
	UE46
	11
	6
	
	UE54
	11
	8
	
	UE62
	11
	10
	

	UE39
	13
	6
	
	UE47
	13
	8
	
	UE55
	13
	10
	
	UE63
	13
	12
	

	UE40
	15
	8
	
	UE48
	15
	10
	
	UE56
	15
	12
	
	UE64
	15
	14
	


Each Set corresponds to one sub-access slot. Each UE can choose between two different CR preambles.

3. Signalling requirements

In addition to the data currently required to send to the UE to be able to use a particular CPCH set, the following data have to be conveyed to the UEs:

a) 20 sub-access slots defined (see 2.1.1):

· Up to 20 UEs: Sub access slot exclusively assigned to the UEs (5 bit, ((20)). 

· Up to 40 UEs: Sub access slot assigned to the UE (5 bit), one of the two preamble sub sets (1 bit) *)

· Up to 80 UEs: Sub access slot assigned to the UE (5 bit), one of the possible 4 preamble sub sets (2 bits)

*) Per definition preamble sub set 1 consists of preamble 1 … 8, preamble sub set 2 of preamble 9 … 16 .

b) 1 or two sub-access slots defined (2.1.2):

· Up to 16 UEs: CR preamble exclusively assigned to the UE (4 bit)

· Up to 32 UEs: Sub-access slot exclusively assigned to the UE (2 bit), CR preamble combination to be used by the particular UE (3 bit) (the sub-access slot already codes, which pairs are to be used for this particular sub-access slot)

· Up to 64 UEs: Sub-access slot exclusively assigned to the UE (3 bit), CR preamble combination to be used by the particular UE (3 bit)

4. Other alternatives to reduce, but not eliminate collision risk

If the UEs were to choose, as in the current CPCH access scheme, the preamble randomly, and in addition to that also the sub-access slot as defined above (i.e. in this remark, the sub-access slot is not assigned exclusively to one UE), the risk of an (unresolved) collision would be reduced by a factor of 20 (if there were 20 sub-access slots), though collisions would still remain. This would also be a way to improve the access performance, though it is not seen as the optimal solution, which would be achieved by using the fixed assignment of sub-access slots. It has the advantage of reduced signalling, i.e. there would only be a need to indicate via broadcasting, whether sub-access slots are used, and which spacing (256, 512).

5. Conclusion

It was shown that completely avoiding unresolved collisions can be achieved, if the number of UEs to use one CPCH set at the same time is limited. Such a limitation is however always in place due to the limited uplink data rate.

If the number of UEs to use one CPCH set does not exceed 16, a fixed assignment of CR preambles would be the best solution, since in this case collisions are always completely avoided, and one of the UEs in the collision can be granted access to the CPCH. Fixed assignment for a higher number of UEs (e.g. 32 with two sub-access slots) does not seem to be the best solution, since then collisions can be detected and hence avoided, but cannot be resolved at all.

If the number of UEs to use one CPCH set is greater than 16, collisions would be avoided completely by defining 20 sub-access slots of size 256 chips. Then up to 20 UEs can be supported, where the UEs can choose the CR preamble randomly from the set of 16 CR preambles. If there are more than 20 UEs to be able to access this particular CPCH set, depending on the number of UEs to use the same CPCH set (up to 40 resp. or up to 80), the set of CR preambles is partitioned into 2 resp. 4 subsets of 8 resp. 4 CR preambles each. Each UE is assigned for usage of one of the CR preamble sub-sets, and one particular sub-access slot.

It is not expected that more than 80 UEs would be assigned to the user group of one CPCH set. It is even very likely that the number is less than 40.

The signalling requirements to tell the UE, which sub-access slot and which preamble sub-set to use are minimal (7 bit as a maximum). This number is anyway not important, since the UE is informed via FACH, whether it belongs to a CPCH user group.

6. Proposal

It is proposed to adopt the concept of sub-access slots for the transmission of CR preambles in order to be able to detect collisions, which would still remain in the current CPCH access scheme, if two UEs, that had chosen the same access preamble and transmitted it simultaneously, would also choose the same CR preamble.







� CPCH sets differ in scrambling code.


� The improvement becomes clear, if one imagines that there are two high end UEs (UE a and UE b) in a cell, which very often try to access a CPCH with a very high data rate. If they were assigned exactly the same two CR preambles (called here A and B) to choose from randomly, a collision could not be resolved, if both choose A or both choose B, and both UEs would not receive an ACK for the CR preamble, in order to avoid the collision. If UE a were assigned CR preamble A and B, while UE b were assigned CR preamble A and C, where C is also in the two-preamble set of another UE, the only case where the collision between UE a and UE b would not be resolved, would be when UE a and UE b choose the same CR preamble A.
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