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1. Introduction

The way sub-channels numbers for each Access Service Class are signalled to the UE, as described in 25.331, puts significant restrictions on the configuration of these sub-channels. These restrictions may lead at best to inefficient use of the access resource and at worst create significant problem in terms of delay or collision in the RACH preamble retransmission considering the minimum time between preamble retransmission (3 or 4 access slots depending on the AICH-transmission timing). In this document, the problem is first described and then a modification is proposed to address this issue.

2. Description of the problem

In the present version of 25.331, for each PRACH, a list of available sub-channels is defined via a bitstring of 12 bits, each bit representing whether the sub-channel with this number is available or not (if bit number 0 is set to 1, sub-channel 1 is available, if bits 0 and 1 are set to 1, sub-channels 1 and 2 are available, etc.). For example the bitstring   1101 1011 0110 indicates that sub-channels 1,2,4,5,7,8,10,11 are available.

These sub-channels are implicitely renumbered with an index. In our example index 0 = sub-channel 1, index 1 = sub-channel 2, index 2 = sub-channel 4, etc.

Then for each ASC the group of sub-channels is defined through defining start index and stop index. 

=>This signalling scheme implies that the sub-channels associated with one ASC are consecutive with respect to the list of available sub-channels. This prevents to interleave sub-channels for different ASC. This might prevent some relevant partitioning. A concrete example is provided thereafter.

For instance, if AICH transmission timing parameter is set to 0 (minimum 3 access-slots delay between two preamble re-transmission), then a good way to define sub-channels would be to have sub-channels 1,4,7,10 for one ASC and possibly 2,5,8,11 for another ASC. With such « distance » between RACH sub-channels of the same ASC, a UE not having received a positive acknowledgement may retransmit in the immediately following supported sub-channel. 

However this is not configurable with the current signalling. With the current signalling and assuming the same number of sub-channels supported as in this « optimum » sub-channel partitioning, the list of available sub-channels would be  1,2,4,5,7,8,10,11. Then usage of Start and Stop indexes forces to define consecutive sub-channels for each ASC. This would force here, to define e.g. sub-channels 1,2,4,5 for first ASC, and 7,8,10,11 for second ASC. For the first ASC, a UE no having received positive ack from Access-slot 1 would only retransmit in sub-channel 4 and so would a UE having accessed in sub-channel 2, hence a higher risk of collision. In a similar way a UE not having received a positive ack when accessing in sub-channel 5 would have to wait for sub-channel 1 which corresponds to some larger delay and less power ramping efficiency compared to the optimal configuration, where the UE would use sub-channel 8.

3. Proposed solution

There are several  possibilities for an improved allocation of available sub-channels to ASCs.

1.) One way to solve this issue is to list, for each ASC, the sub-channels allowed, instead of using Start and Stop indices. Thus we would remove the constraint of defining successive sub-channels for each ASC. The drawback of this scheme is that the size of the Information Element increases from presently 2(4  = 8 bits to up to 12(4  = 48 bits (depending on how many sub-channels are assigned), per ASC.

2)  Alternatively the sub-channel assignment can be specified with a bitstring representation (of length 12), where e.g. each bit set to 1  indicates assignment of an associated sub-channel to an ASC (e.g. the bitstring “001001001001” would indicate assignment of sub-channels with number 0, 3, 6 and 9). This option results in a fixed IE size of 12 bits per ASC, which in most cases will be more efficient than the first option.

3) The most efficient representation of sub-channel assignment can be obtained by using a bitstring representation as  in option 2) where however all patterns which provide unreasonable sub-channel assignments are removed. Considering the discussion in Sec. 2 above, in case of setting of the “AICH transmission timing” IE equal to 0 (i.e. 3 access slot offset between successive preambles) the most useful assignments of sub-channels can be represented with following bitstrings:

001 001 001 001

010 010 010 010

011 011 011 011

100 100 100 100 

101 101 101 101 

110 110 110 110 

111 111 111 111 

Note that the desired sub-channel assignments are represented as 4 repetitions of  the 3 right-most (least significant) bits of each  bitstring. This representation allows to assign all combinations of  the 3 available “orthogonal” access slot patterns which are possible for “AICH transmission timing” = 0, excluding the all-zero sequence, which does not make any sense to be used as  sub-channel assignment.  In this case the size of the IE representing the sub-channel assignment is reduced to 3 bits (i.e. the 3 least significant bits in the above bitstrings).

In case of setting of the “AICH transmission timing” IE equal to 1 (i.e. 4 access slot offset between successive preambles) the useful assignments of sub-channels can be represented with following bitstrings:

0001 0001 0001

0010 0010 0010

0011 0011 0011

0100 0100 0100

0101 0101 0101

0110 0110 0110

0111 0111 0111

1000 1000 1000

1001 1001 1001

1010 1010 1010

1011 1011 1011

1100 1100 1100

1101 1101 1101

1110 1110 1110

1111 1111 1111

The desired sub-channel assignments are represented as 3 repetitions of  the 4 least significant bits. This representation allows to assign all combinations of  the 4 available “orthogonal” access slot patterns which are possible for “AICH transmission timing” = 1, again excluding the all-zero sequence. In this case the size of the IE representing the sub-channel assignment is reduced to 4 bits (i.e. the 4 least significant bits in above bitstrings).

When the above method is used, the final resulting bitstring (i.e. including the repetitions), which identifies  the sub-channel assignment, should underlie a logical AND operation with the bitstring of same size that identifies the available access slots assigned to a PRACH. 

The above AND operation can of course be avoided when the available sub-channels and the sub-channel assignments would always be aligned with each other. The AND operation however avoids that a mismatch between available and assigned sub-channels may cause any ambiguity in the UE.

Regarding the encoding of the sub-channel assignments with regard to  the two AICH transmission timing cases, it is proposed not to introduce choice dependent or conditional encoding, as this would result in an overhead of  1 bit for both cases. It is therefore proposed to employ a bitstring of size 4 in both cases, and simply make the further handling of the bitstring dependent on the setting of   “AICH transmission timing” IE.

4. Conclusion 

In this document, a problem with the current signalling of the sub-channels number for each ASC has been identified, and a solution has been proposed. It consists in modifying the I.E. “ASC Setting” in 25.331. We propose to implement option 3, which is the most efficient one with regard to the size of the respective IEs. This modification is proposed in the attached CR.  
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10.3.6.5
ASC setting
Information Element/Group name
Need
Multi
Type and reference
Semantics description

Available signature Start Index
MP

Integer(0..15)


Available signature End Index
MP

Integer(0..15)








> Assigned Sub Channel Number
MP

Bitstring(4) 
Note







Note:  
The usage of this IE is conditional upon setting of  “AICH transmission timing” IE.  In case that “AICH transmission timing” = 0, the leftmost bit shall be ignored. The 3 rightmost (least significant bits) shall be repeated 4 times to form a bitstring  of length 12 bits. In case that “AICH transmission timing” = 1, the bitstring shall be repeated 3 times to form a bitstring  of length 12 bits.

In both cases, for the resulting bitstring (that includes the repetitions) bit-wise logical AND operation with the “Available Sub Channel number” IE included in “PRACH info (for RACH)” shall be performed. 

The resulting bitstring,  after logical AND operation, indicates the sub-channels assigned to the respective ASC. This bitstring shall be interpreted by the UE in the same way as specified for the “Available Sub Channel Number” IE, see Sec. 10.3.6.51 (i.e. each bit set to 0 or 1 indicates availability or non-availability, respectively, of sub channel number _x, x= 0 to 11, for the respective ASC).
11.3.6
Physical channel information elements

PhysicalChannel-IEs DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

IMPORTS


hiPDSCHidentities,


hiPUSCHidentities,


maxASC,


maxASCmap,


maxASCpersist,


maxCCTrCH,


maxCPCHsets,


maxDPCH-DLchan,


maxDPCHcodesPerTS,


maxDPDCH-UL,


maxFACH,


maxPCPCH-APsig,


maxPCPCH-APsubCh,


maxPCPCH-CDsig,


maxPCPCH-CDsubCh,


maxPCPCH-SF,


maxPCPCHs,


maxPDSCH,


maxPDSCH-TFCIgroups,


maxPRACH,


maxPUSCH,


maxRL,


maxRL-1,


maxSCCPCH,


maxSig,


maxSubCh,


maxTF-CPCH,


maxTFCI-2-Combs,


maxTGPS,


maxTrCH,


maxTS,


maxTS-1

FROM Constant-definitions


ActivationTime

FROM UserEquipment-IEs


AllowedTFI-List,


CPCH-SetID,



TFCS,


TFCS-Identity,


TFCS-IdentityPlain,


TransportChannelIdentity,


TransportFormatSet

FROM TransportChannel-IEs


SIB-ReferenceListFACH

FROM Other-IEs;

AC-To-ASC-Mapping ::=



INTEGER (0..7)

AC-To-ASC-MappingTable ::=


SEQUENCE (SIZE (maxASCmap)) OF











AC-To-ASC-Mapping

AccessServiceClass ::=



SEQUENCE {


availableSignatureStartIndex

INTEGER (0..15),


availableSignatureEndIndex


INTEGER (0..15),





assignedSubChannelNumber



BIT STRING (SIZE(4))

}
AccessServiceClassIndex ::=


INTEGER (1..8)

AICH-Info ::=





SEQUENCE {


secondaryScramblingCode



SecondaryScramblingCode



OPTIONAL,


channelisationCode256



ChannelisationCode256,


sttd-Indicator





BOOLEAN,


aich-TransmissionTiming



AICH-TransmissionTiming

}

AICH-PowerOffset ::=



INTEGER (-22..5)

AICH-TransmissionTiming ::=


ENUMERATED {











e0, e1 }

AllocationPeriodInfo ::=


SEQUENCE {


allocationActivationTime


INTEGER (1..256),


allocationDuration




INTEGER (1..256)

}

AP-AICH-ChannelisationCode ::=

INTEGER (0..255)

AP-PreambleScramblingCode ::=

INTEGER (0..79)

AP-Signature ::=




INTEGER (0..15)

AP-Signature-VCAM ::=



SEQUENCE {


ap-Signature





AP-Signature,


availableAP-SubchannelList


AvailableAP-SubchannelList OPTIONAL

}

AP-Subchannel ::=




INTEGER (0..11)

ASC ::=







SEQUENCE {


accessServiceClass




AccessServiceClassIndex,


repetitionPeriodAndOffset


ASC-RepetitionPeriodAndOffset

OPTIONAL


-- TABULAR: The offset is nested in the repetition period

}

ASC-RepetitionPeriodAndOffset ::=
CHOICE {


rp1








NULL,


rp2








INTEGER (0..1),


rp4








INTEGER (0..3),


rp8








INTEGER (0..7)

}

ASCSetting ::=





SEQUENCE {


-- TABULAR: This is MD in tabular description


-- Default value is previous ASC


-- If this is the first ASC, the default value is all available signature and sub-channels


accessServiceClass





AccessServiceClass

OPTIONAL

}

AvailableAP-Signature-VCAMList ::=
SEQUENCE (SIZE (1..maxPCPCH-APsig)) OF











AP-Signature-VCAM

AvailableAP-SignatureList ::=

SEQUENCE (SIZE (1..maxPCPCH-APsig)) OF











AP-Signature

AvailableAP-SubchannelList ::=

SEQUENCE (SIZE (1..maxPCPCH-APsubCh)) OF











AP-Subchannel

AvailableMinimumSF-ListVCAM ::=

SEQUENCE (SIZE (1..maxPCPCH-SF)) OF











AvailableMinimumSF-VCAM

AvailableMinimumSF-VCAM ::=


SEQUENCE {


minimumSpreadingFactor



MinimumSpreadingFactor,


nf-Max







NF-Max,


maxAvailablePCPCH-Number


MaxAvailablePCPCH-Number,


availableAP-Signature-VCAMList

AvailableAP-Signature-VCAMList

}

AvailableSignatures ::=


BIT STRING(SIZE(16))
AvailableSubChannelList



SEQUENCE {


availableSubChannelNumber

INTEGER (0..11),

}
AvailableSubChannelNumbers ::=

BIT STRING(SIZE(12))
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