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Improved AGCH Capacity Using Static Radio Parameters
1. Introduction

Discussion of mechanisms for improving AGCH capacity has been ongoing for a number of GERAN meetings with possible solutions as described in [1] and [2]. An additional solution considered herein is based on having a network transmit system information that identifies a pre-determined set of packet radio resources to be used by an MS whenever it attempts a system access triggered by a certain type of traffic class. For example, such system information could be applicable for access attempts triggered by small data transmissions (SDT) or instant message transmissions (IMT).  Including this packet radio resource information as part of system information means that it can be excluded from MS specific radio resource assignment messages sent on the AGCH as part of the system access procedure. The intent is that mobile stations will use the PDCH resources indicated by the system information for transmitting their pending uplink user plane payload following a contention based access procedure during which they are given supplementary information regarding how to use those PDCH resources. To this end an Enhanced Immediate Assignment (EIA) message sent by the BSS on the AGCH can be introduced wherein a significantly reduced amount of information is provided for each MS addressed.  This in turn allows for substantially increasing the number of MS that can be addressed by a single instance of the EIA message and therefore increases the access attempt processing capacity of the AGCH. 
2. New System Information
The new system information that provides pre-determined packet radio resource information can be referred to as “Static Radio Parameters” (SRP) which consists of one or more sets of associated radio resource information. Each set of SRP has a corresponding Parameter Set Index (PSI) which can be referenced in the EIA message to identify the specific set of SRP that a mobile station is assigned to use. The content of the legacy Immediate Assignment message is examined below on a per information element basis to determine which type of information is appropriate for inclusion within each set of SRP sent within system information and which type of information should be conveyed within the EIA message: 
· Page Mode: Included within the EIA message sent on the AGCH since this information is dynamic.
· Dedicated mode or TBF: Not required within SRP or the EIA message since the system access scenario considered herein is always associated with uplink TBF establishment.

· Channel Description: Not required within SRP or the EIA message since it is associated with identifying a TCH.

· Packet Channel Description: Included in SRP and identifies the PDCH resources to be used for sending pending uplink user plane payload associated with a subset of traffic classes. Optimization of the content of this IE as currently defined for the legacy Immediate Assignment message is possible since Static Radio Parameters only need to identify uplink PDCH resources and their corresponding downlink PACCH resource.
· Request Reference: Included in the EIA message sent on the AGCH since this information is dynamic and is used for the purpose of contention resolution.
· Timing Advance: Not part of SRP since this information is dynamic and therefore cannot be pre-determined and sent as part of system information. This can be included either within the EIA message sent on the AGCH or possibly within a PACCH message sent to the MS using the PDCH resources identified by SRP.
· Mobile Allocation: Included in SRP or possibly within a PACCH message sent to the MS using the downlink PDCH resources identified by SRP. It is only needed if frequency hopping is to be used.
· Starting Time: This information is dynamic and is therefore sent within the EIA message sent on the AGCH or possibly within a PACCH message sent to the MS using the downlink PDCH resources identified by SRP. 
· IA Rest Octets: Included in SRP. Optimization of the content of this IE as currently defined for the legacy Immediate Assignment message is possible since Static Radio Parameters only need to identify uplink PDCH resources and their corresponding downlink PACCH resource. 
As such, each set of SRP includes the following:

· Packet Channel Description (mandatory)

· Mobile Allocation (optional – if required it may alternatively be sent using PACCH)
· IA Rest Octets (mandatory)

3. Optimized System Access Procedure
The inclusion of SRP within system information (e.g. using SI21) can serve as an indication that the BSS supports an Optimized System Access Procedure (OSAP) wherein it can receive a new RACH burst that involves the use of a new training sequence. 

· This new RACH burst is referred to as an Enhanced Packet Channel Request (EPCR) message which supports 11 bits of payload space and can be sent by a mobile station capable of OSAP (see Table 1). 

· The access attempts that are subject to OSAP can be determined by MS configuration (e.g. an MS is configured for OSAP) or identified by system information (e.g.  SI indicates that all OSAP capable MS shall use OSAP when performing SDT or IMT).

· An OSAP capable MS must read SRP from system information before it can attempt a system access using OSAP. The rate at which the MS is expected to refresh SRP is nominally once every 30 seconds (i.e. as per the legacy periodicity for re-reading SI). 
· An OSAP capable MS with user plane payload that can fit within a single RLC data block (sent using the channel coding scheme indicated by SRP) will indicate “Single Block OSAP Request” in an EPCR message whereas for all other cases the EPCR message will indicate “Multi-Block OSAP Request”.

· The BSS responds to EPCR based access requests by sending an Enhanced Immediate Assignment (EIA) message that provides MS specific information used for contention resolution as well as other information – see section 4. 
· Upon receiving an EIA message with content that matches its EPCR (i.e. the EIA message includes content that matches the 11-bit EPCR sent by the MS on the RACH) an MS either transmits its 1st RLC data block according to the indicated Starting Time Index and includes TLLI for contention resolution purposes or if STI is omitted by the EIA message it waits for a subsequent DL PACCH message providing it with supplementary information (including STI) and then transmits its 1st RLC data block that includes TLLI.

· The BSS responds to the 1st RLC data block by sending either a Packet Uplink Ack/Nack (PUAN) message or a Packet Uplink Assignment (PUA) message.

· The legacy PUAN message can be enhanced to allow for inclusion of TLLI so that it can be used for contention resolution in the MS and thereby confirm that the 1st RLC data block was received. It would only be sent for the case where an MS has sent an EPCR indicating ‘Single Block OSAP Request’ (see Table 1). Upon receiving the PUAN (indicating Ack or Nack) the MS would immediately release the packet radio resources (i.e. with no further control plane signaling) – See Figure 1.
· The transmission of a PUA would be sent for the case where an MS has sent an EPCR indicating ‘Multi-Block OSAP Request’. It implicitly confirms reception of the 1st RLC data block and includes TLLI to allow for contention resolution in the MS. Its content may be modified to allow enhanced TFI and USF assignment information – See Figure 2.
· If the content of the EIA message indicates the MS is to wait for a subsequent PACCH message on the downlink of the PDCH resources (associated with the SRP it has been told to use) and the MS fails to receive the PACCH message within the expected timeframe (FFS) it aborts the access attempt and retries transmission of the user plane payload at a later time.  

· If an MS has transmitted its 1st RLC data block but fails to receive the expected PUAN/PUA within the expected timeframe (FFS) it determines that the 1st RLC data block was not successfully received, aborts the access attempt and retries transmission of the user plane payload at a later time.  
· For the case of receiving a PUA the MS moves to the allocated radio resource and completes the transmission of its user plane payload and the uplink TBF can then be released using legacy procedures. 
Table 1: ENHANCED PACKET CHANNEL REQUEST message content

	< Enhanced Packet channel request message content > ::=


< Single Block OSAP Request : 
000     < RandomBits : bit (8) > >


| < Multi-Block OSAP Request :
001     < RandomBits : bit (8) > >;



Note that Table 1 allows for 6 additional code points to be defined for the EPCR message.
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Figure 1 – Single Block OSAP Request
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Figure 2 – Multi-Block OSAP Request

4. Enhanced Immediate Assignment Message Content

The inclusion of SRP within system information allows for offloading the EIA message to include only the most dynamic information and thereby reduce the number of bits per instance of MS addressed by this message which thereby leads to increasing the number of MS that can be addressed per instance of this message.

The content of an EIA message is as shown in Table 2 below where the EIA Rest Octets is seen as containing the following information:

· FN Information (Z bits): One instance is included per MS addressed by the EIA message. The length of FN Information (Z) can be provided as part of the SRP information or included within each instance of an EIA message. 

· FN Information = the binary value of ‘FN modulo X’ where FN = the TDMA frame number of the burst in which an EPCR message was received by the BSS. 
· X can be set to reflect an acceptable probability for TDMA frame number collision. For example, for X = 256 (Z = 8 bits) the time between uplink bursts for which FN mod 256 has the same value is 1.18 sec (i.e. (each TDMA frame = 4.615ms, 256* 4.615 = 1.18). 
· As such there will be some degree of uncertainty on behalf of mobile stations regarding whether or not matching ‘FN Information’ they receive in an EIA message really reflects the specific burst in which they sent their EPCR message.
· However, for X = 256 the probability of different MS sending the same EPCR message (i.e. the same 11 bit access request) in the same RACH burst or within different RACH bursts that are a multiple of 1.18 seconds apart is seen to be acceptably low.  

· The specific value for X can be included with SRP allowing for operators to increase/decrease the probability of TDMA FN collision to a level they are comfortable with. As the size of FN Information is reduced/increased the number of MS that can be addressed within a single EIA message is increased/decreased. 
· Note that FN Information + EPCR Echo together provide what is known as Request Reference information.

· EPCR Echo (11 bits): One instance is included per MS addressed by the EIA message. 

· Timing Advance (6 bits): One instance of Timing Advance (TA) is included per MS addressed by the EIA message. 
· One alternative is to omit TA from the EIA message and instead provide the TA information within a PACCH message sent to the MS on the PDCH resources associated with the SRP indicated by the EIA message (i.e. the MS can only receive on the PDCH resources until it receives a PACCH message providing the required TA information).
· Page Mode (2 bits): One instance is included per EIA message.

· TFI (5 bits): One instance of TFI is included per EIA message. The TFI is included within the 1st RLC data block an MS transmits on a radio resource described by SRP. The first MS addressed by the EIA message for a given PSI is assigned this TFI value, the second MS addressed by the EIA message for that PSI is assigned TFI+1 etc. 
· It should be noted that since each MS is provided with Staring Time Information (see STI description below) the BSS will already know when each MS will be transmitting its 1st RLC data block on the UL of the SRP specific PDCH resources. 
· This means the BSS need not even use the EIA message to assign each MS a unique TFI value in order to determine which RLC data block (received on the uplink PDCH resources) has been sent by which MS. The PUA sent to each MS in response to receiving their 1st RLC data block can include the unique TFI value the MS is to use for the rest of its uplink transmission.
· Parameter Set Index (2 bit): One instance of PSI is included for each SRP set addressed by the EIA message. It indicates the specific SRP set (set of PDCH resources sent using system information) that one or more mobile stations are to use to transmit their 1st RLC data block. If all MS addressed by an EIA message are assigned the use of the same SRP then once instance of PSI can be included per EIA message.
· Starting Time Indicator (2 bit): An EIA message includes one instance of Starting Time Indicator per SRP that it references using PSI field. This indicates the specific radio block offset that the first MS addressed by the EIA message (for a given SRP) is to use when sending its 1st RLC data block.
· For example, when Starting Time Indicator = 0 for PSI = 0, then if the first MS that uses PDCH resources associated with PSI = 0 receives the EIA message in DL radio block N then it shall transmit its 1st RLC data block in uplink radio block N + 3. The second MS addressed by the EIA message for PSI = 0 shall transmit its 1st RLC data block in uplink radio block N + 4 etc.
· Another example is when Starting Time Indicator = 3 for PSI = 1, then if the first MS that uses PDCH resources associated with PSI = 1 receives the EIA message in DL radio block N then it shall transmit its 1st RLC data block in uplink radio block N + 6. The second MS addressed by the EIA message for PSI = 1 shall transmit its 1st RLC data block in uplink radio block N + 7 etc.

· If the EIA message leaves out STI information for any given PSI then each MS assigned the use of PDCH resources associated with that PSI shall wait to receive STI information on the PACCH (corresponding to the indicated PSI) to determine when they can transmit their 1st RLC data block using the uplink PDCH resources.

Table 2: ENHANCED IMMEDIATE ASSIGNMENT message content

	IEI
	Information element
	Type / Reference
	Presence
	Format
	length

	
	L2 Pseudo Length
	L2 Pseudo Length
10.5.2.19
	M
	V
	 1

	
	RR management Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	Enhanced Immediate Assignment Message Type
	Message Type
10.4
	M
	V
	1

	
	EIA Rest Octets
	EIA Rest Octets
10.5.2.xx
	M
	V
	N...20


The length (in octets) of all information provided by the EIA Rest Octets IE and the value provided by the L2 Pseudo Length IE has a maximum value of 22 (see Table 2 above). The L2 pseudo length indicates the sum of the lengths of all information elements present in the EIA message except the EIA Rest Octets IE and the L2 Pseudo Length IE itself and as such has a value of 2. This leaves a maximum of 20 octets (160 bits) of space for the EIA Rest Octets IE. 
Table 3: EIA Rest Octets Information Element (based on Example 6 below)
	< EIA Rest Octets > ::=


< Page Mode : bit (2) >


< FN Information Length : bit (2) > -- Indicates 8 bits of FN Information are provided --

{ 1
< PSI : bit (2) >  -- Identifies the applicable Static Radio Parameters set --



{ L I H < TFI : bit (5) > }



{ L I H < STI : bit (2) > }



{ 1
< MS Specific EIA Parameters : < MS Specific EIA Parameters struct > > 



} ** 0


} ** 0


<spare padding>;



	< MS Specific EIA Parameters struct> ::=


< FN Information : bit (val(FN Information Length)) >


< EPCR Echo : bit (11) >


{ L I H < Timing Advance : bit (6) > } ;



	


Note: According to Example 6 below the total number of bits required for the EIA message = 2 + 2 + 1 + 2 + 1 + 1 + (1 + 20) + (1 + 20) + (1 + 20) + (1 + 20) + (1 + 20) + (1 + 20) + (1 + 20) + 1 = 157 bits
Example 1:

· All information provided by the EIA message is associated with PSI = 0 (i.e. one instance of PSI is present within the EIA message).

· X = 256 is used which means that 8 bits of FN Information is provided for each MS addressed by the EIA message. 
· All MS sending a RACH burst in a TDMA frame for which FN mod 256 = ‘FN Information’ will then look at the ‘EPCR Echo’ field in an attempt to further determine if their specific access request has been addressed by the EIA message In this case all MS making access requests within TDMA frames that are a multiple of 1.18 sec (i.e. 256* 4.615 = 1.18) apart will look at the ‘EPCR Echo’ field. 
· The EIA message content specific to each addressed MS = FN Information (8) + EPCR Echo (11) + TA (6) = 25 bits.
· The EIA message content for which a single instance is included (i.e. regardless of how many MS are addressed) = Page Mode (2) + FN Information Length (2) + TFI (5) + PSI (2) + STI (2) = 13 bits.
· The maximum number of MS addressed per EIA message = 5 (i.e. 5*25 + 13 = 136).

· Additional bits will be needed according to CSN.1 notation rules – see Table 3 for an example where the CSN.1 bits are included.

Example 2:

· All information provided by the EIA message is associated with PSI = 0 (i.e. one instance of PSI is present within the EIA message).

· X = 16 is used which means that 4 bits of FN Information is provided for each MS addressed by the EIA message. 

· All MS sending a RACH burst in a TDMA frame for which FN mod 16 = ‘FN Information’ will then look at the ‘EPCR Echo’ field in an attempt to further determine if their specific access request has been addressed by the EIA message In this case all MS making access requests within TDMA frames that are a multiple of 73.8ms (i.e. 16* 4.615 = 73.8) apart will look at the ‘EPCR Echo’ field. 

· The EIA message content specific to each addressed MS = FN Information (4) + EPCR Echo (11) + TA (6) = 21 bits.

· The EIA message content for which a single instance is included (i.e. regardless of how many MS are addressed) = Page Mode (2) + FN Information Length (2) + TFI (5) + PSI (2) + STI (2) = 13 bits.

· The maximum number of MS addressed per EIA message = 6 (i.e. 6*21 + 13 = 139).

· Additional bits will be needed according to CSN.1 notation rules – see Table 3 for an example where the CSN.1 bits are included.

Example 3:

· This example builds on example 2 above but calls for X = 2 in which case the EIA message provides 1 bit of ‘FN Information’ which means that either all MS sending an access request using a burst associated with either an even or an odd TDMA frame number will look at the ‘EPCR Echo’ field in an attempt to determine if their access request has been addressed by the EIA message. 

· The EIA message content specific to each addressed MS = FN Information (1) + EPCR Echo (11) + TA (6) = 18 bits.

· The EIA message content for which a single instance is included (i.e. regardless of how many MS are addressed) = Page Mode (2) + FN Information Length (2) + TFI (5) + PSI (2) + STI (2) = 13 bits.

· The maximum number of MS addressed per EIA message = 7 (i.e. 7*18 + 13 = 139).

· Additional bits will be needed according to CSN.1 notation rules – see Table 3 for an example where the CSN.1 bits are included.

Example 4:

· This example builds on example 2 above but assumes that all MS addressed by an EIA message must wait for a PACCH message on the PDCH resources associated with the indicated PSI to determine TA + STI. One way to achieve this would be to have this PACCH message include an EIA Rest Octets IE that provides the information that was not provided when the EIA Rest Octets IE was included in the EIA message.
· The EIA message content specific to each addressed MS = FN Information (4) + EPCR Echo (11) + TA (0) = 15 bits.

· The EIA message content for which a single instance is included (i.e. regardless of how many MS are addressed) = Page Mode (2) + FN Information Length (2) + TFI (5) + PSI (2) + STI (0) = 11 bits.

· The maximum number of MS addressed per EIA message = 8 (i.e. 8*15 + 11 = 131).

· Additional bits will be needed according to CSN.1 notation rules – see Table 3 for an example where the CSN.1 bits are included.

Example 5:

· This example builds on example 4 above except that it excludes TFI from the EIA message which means an MS must wait for a PACCH message on the PDCH resources associated with the indicated PSI to determine its TFI. One way to achieve this would be to have this PACCH message include an EIA Rest Octets IE that provides the information that was not provided when the EIA Rest Octets IE was included in the EIA message.
· The EIA message content specific to each addressed MS = FN Information (4) + EPCR Echo (11) + TA (0) = 15 bits.

· The EIA message content for which a single instance is included (i.e. regardless of how many MS are addressed) = Page Mode (2) + FN Information Length (2) + TFI (0) + PSI (2) + STI (0) = 6 bits.

· The maximum number of MS addressed per EIA message = 9 (i.e. 9*15 + 6 = 141).

· Additional bits will be needed according to CSN.1 notation rules – see Table 3 for an example where the CSN.1 bits are included.

Example 6:

· This example builds on example 5 above except that it allows for 8 bits of FN Information (X = 256) for each MS addressed by the EIA message. 

· The EIA message content specific to each addressed MS = FN Information (8) + EPCR Echo (11) + TA (0) = 19 bits.

· The EIA message content for which a single instance is included (i.e. regardless of how many MS are addressed) = Page Mode (2) + FN Information Length (2) + TFI (0) + PSI (2) + STI (0) = 6 bits.

· The maximum number of MS addressed per EIA message = 7 (i.e. 7*19 + 6 = 139). 
· Additional bits will be needed according to CSN.1 notation rules - see Table 3 above for the actual number of bits required for this example.
5. Conclusion

A mechanism for enhancing AGCH capacity has been described based on allowing the transmission of Static Radio Parameters as part of system information and thereby allowing for minimizing the MS specific content within assignment messages sent on the AGCH. The probability of an MS falsely concluding that its access attempt has been addressed within an assignment message will vary depending on the amount of ‘FN Information’ provided in conjunction with 11 bits of ‘EPCR Echo’ information included for each MS addressed by an EIA message and as such additional investigation is needed in this regard. However, as indicated by examples 1 and 6 in section 4 above, a significant AGCH capacity gain is seen as being possible even when a substantial amount of ‘FN Information’ is included in addition to the ‘EPCR Echo’ field for each MS addressed by an Enhanced Immediate Assignment message.
[1] GP-111202 - Continued discussion for IPA parameters - Huawei Technologies Co., Ltd.

[2] GP-111065 - Usage of Higher MCSs on CCCH Downlink - Telefon AB LM Ericsson, ST-Ericsson SA
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