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1. Introduction

In the current TS 29.244, four kinds of rules are defined:

· Packet Detection Rule (PDR), with information describing what packets should receive a certain treatment (e.g. forwarding and other types of enforcement).

· Forwarding Action Rule (FAR), contains forwarding actions to be applied to a packet.

· Usage Reporting Rule (URR), contains information that defines a certain measurement and how it shall be reported.

· QoS Enforcement Rule (QER), contains information related to QoS enforcement of traffic.
This paper analyse the PDR parameters send from the CP to the UP, and optimization are discussed and proposed.

2. Discussions

The following table is extracted from the TS 29.244:
Table 7.5.2-2: PDR within Sx Session Establishment Request
	Octet 1 and 2
	
	Create PDR IE Type = 1(decimal)

	Octets 3 and 4
	
	Length = n

	Information elements
	P
	Condition / Comment
	Appl.
	IE Type

	
	
	
	Sxa
	Sxb
	Sxc
	

	PDR ID
	M
	This IE shall uniquely identify the PDR among all the PDRs configured for that Sx session.
	X
	X
	X
	PDR ID

	Precedence
	M
	This IE shall indicate the PDR's precedence to be applied by the UP function when looking for a PDR matching an incoming packet.
	X
	X
	X
	

	PDI
	M
	This IE shall contain the PDI against which incoming packets will be matched. 
See Table 7.5.2-3.
	X
	X
	X
	PDI

	FAR ID 
	M
	This IE shall contain the FAR IDs to be associated to the PDR.
	
	
	
	FAR ID

	URR ID
	C
	This IE shall be present over the Sxa, Sxb and Sxc interface if a measurement action shall be applied to packets matching this PDR.

When present, this IE shall contain the URR IDs to be associated to the PDR.
	
	
	
	URR ID

	QER ID 
	C
	This IE shall be present over the Sxb and Sxc interface if a QoS enforcement action shall be applied to packets matching this PDR.

When present, this IE shall contain the QER IDs to be associated to the PDR.
	
	
	
	QER ID

	Application start/Stop Notification 
	C
	This IE shall be present over the Sxb and Sxc interface if the CP function requests the UP function to report an application start and stop. 
	
	
	
	Application Notification


The PDR will refer the FAR ID, QER ID, and URR ID which will apply to the packets that matches the PDI. For PGW-U, the PDI in the PDR is on per SDF/Application ID basis, the PDR should include the SDF level QER, FAR and URR; bearer level(if any) QER,FAR,URR; Session level(if any) QER, FAR, URR respectively.

Suppose the UE have:

Session level rule (if any): FAR_I, QER_I, URR_I;

Bearer level QER A, URR A, FAR A;

Bearer level QER B (GBR), URR B, FAR B;

SDF/Application level(non GBR) FAR_S1, URR_S1;

SDF/Application level (GBR) QER_S2, FAR_S2, URR_S2;

SDF/Application level (GBR) QER_S3, FAR_S3, URR_S3;

Three PDRs: PDR_S1, PDR_S2 and PDR_S3; and PDR_S1, the association between the rules listed in the following table from the CP to the UP:

	Rule ID
	Precedence
	PDI
	FAR IDs
	QER IDs
	URR IDs

	PDR_S1
	1
	PDI_S1
	FAI_I, 
	QER_I,
	URR_I,

	
	
	
	FAR_A, 
	
	URR_A

	
	
	
	FAR_S1
	
	URR_S1

	PDR_S2
	2
	PDI_S2
	FAI I, 
	
	URR_I,

	
	
	
	FAR_B, 
	QER_B,
	URR_B,

	
	
	
	FAR_S2
	QER_S2
	URR_S2

	PDR_S3
	3
	PDI_S3
	FAI I, 
	
	URR_I,

	
	
	
	FAR_B, 
	QER_B
	URR_B,

	
	
	
	FAR_S3
	QER_S3
	URR_S3


However, actually, the session level QER, FAR, URR applies to all the PDR in the session with the exception of QER, APN AMBR only apply to non GBR bearer/SDF and application, reference in every PDR of the session is not necessary.

Furthermore, according to the packets delivery model on the user plane. It is quite possible that the SDF/Application IDs share the same head marker (F-TEID U of bearer in EPC, and QoS flow ID in 5G still under discussion) will be handled by the same forwarding, QoS schedule, usage report etc. For example, the SDFs belong to one bearer, should be handled by all the FAR, QER, URR of this bearer, it is not possible for one SDF refer to FAR of one bearer, while refer to the QER/URR of the other bearer. Reference of bearer level QER, FAR, URR respectively in every PDRs of the bearer is not necessary.

Considering there can be 171 SDFs per UE(TS 24.008 section 10.5.6.12, 16 SDF per bearer, there can be 11 bearer per UE) in one session, and inestimable but definitely more Application PDRs, number of reference will largely increase if reference session/bearer level QER, FAR, URR respectively in each PDR, optimization is needed. 

There are three solutions for the optimization
Solution 1
Introduce the Rule type session, bearer/QoS flow, SDF/Application in the PDR, and the bearer/QoS Flow level PDR should be associated with the SDF/Application PDR.The QER, URR, FAR (if any) included in the session PDR is default apply to all the other PDRs in the whole session. The bearer/QoS Flow PDR should include the related SDF/Application PDR ID in the associated PDR ID. The QER, FAR, URR referred by the bearer/QoS Flow PDR will apply to all the SDF which are included in the bearer/QoS Flow PDR. The UP will derive out of the Bearer/QoS Flow QER, if the Session QER is valid (detection of GBR bearer/QoS Flow).
Table 7.5.2-2: PDR within Sx Session Establishment Request
	Octet 1 and 2
	
	Create PDR IE Type = 1(decimal)

	Octets 3 and 4
	
	Length = n

	Information elements
	P
	Condition / Comment
	Appl.
	IE Type

	
	
	
	Sxa
	Sxb
	Sxc
	

	PDR ID
	M
	This IE shall uniquely identify the PDR among all the PDRs configured for that Sx session.
	X
	X
	X
	PDR ID

	Rule type
	M
	Session, bearer/QoS Flow, SDF/Application
	
	
	
	

	Precedence
	M
	This IE shall indicate the PDR's precedence to be applied by the UP function when looking for a PDR matching an incoming packet.
	X
	X
	X
	

	Associated PDR ID
	C
	This IE shall indicate SDF/Application PDR ID belong to the bearer/QoS Flow PDR.
	
	
	
	

	PDI
	M
	This IE shall contain the PDI against which incoming packets will be matched. 
See Table 7.5.2-3.
	X
	X
	X
	PDI

	FAR ID 
	M
	This IE shall contain the FAR IDs to be associated to the PDR.
	
	
	
	FAR ID

	URR ID
	C
	This IE shall be present over the Sxa, Sxb and Sxc interface if a measurement action shall be applied to packets matching this PDR.

When present, this IE shall contain the URR IDs to be associated to the PDR.
	
	
	
	URR ID

	QER ID 
	C
	This IE shall be present over the Sxb and Sxc interface if a QoS enforcement action shall be applied to packets matching this PDR.

When present, this IE shall contain the QER IDs to be associated to the PDR.
	
	
	
	QER ID

	Application start/Stop Notification 
	C
	This IE shall be present over the Sxb and Sxc interface if the CP function requests the UP function to report an application start and stop. 
	
	
	
	Application Notification


Under this solution, PDR_I, PDR_A, PDR_B introduced, the association of the rules listed in the following table, FAI_I, URR_I apply to all the PDR in the session. And QER_I apply to all the non GBR bearer/QoS Flow of the session. The URR_A, FAR_A associated to the PDR_A, apply to t PDR_S1/S2; And URR_B, QER_B, FAR_B associated to the PDR_B apply to PDR_S3.

	Rule ID
	Precedence
	Rule type
	PDI
	FAR IDs
	QER IDs
	URR IDs
	Associated  PDR ID

	PDR_I
	
	Session
	PDI_I
	FAI_I, 
	QER_I,
	URR_I,
	

	PDR_A
	
	Bearer/QoS Flow
	PDI_A
	FAR_A, 
	
	URR_A
	PDR S1, 

	PDR_B
	
	Bearer/QoS Flow
	PDI_B
	FAR_B, 
	QER_B
	URR_B,
	PDR S2
PDR S3

	PDR_S1
	1
	SDF
	PDI_S1
	FAR_S1
	
	URR_S1
	

	PDR_S2
	2
	SDF
	PDI_S2
	FAR_S2
	QER_S2
	URR_S2
	

	PDR_S3
	3
	SDF
	PDI_S3
	FAR_S3
	QER_S3
	URR_S3
	


The table above reflects the solution with PDR containing SDF PDR IDs. The intention of the solution is to detect Rules  which need to be reused when definite  PDR (with SDF) in EPC we  can identify Rules  which are applicable for all PDRs, some Rules only applicable for and some rules which are only valid  for  one  SDF criteria. PDI is split in the three parts identifying each criteria. When performing the split the number of information elements are increased on a first view but only if the assumption is that there is only a small number of SDF criteria defined. The solution has a benefit in reusing a reference to a set of common parts instead of repeating common parts.

Cons: split 1 PDR into 3 PDRs means introduce rule type IE in the PDR, introduce Bearer/QoS Flow/session level PDR, additionally Associated PDR ID in the Bearer/QoS Flow level PDR. 
If there is a small number of SDFs per subscriber there is no benefit in signalling.
Pros: Largely decrease the reference resource in each SDF/Application PDR, avoid the reference to the session level FAR (if any), QER, URR.
Solution2
Introduce the Rule type session, bearer/QoS Flow, SDF/Application in the PDR, and the bearer/QoS Flow level PDR should be associated with the SDF/Application PDR. The QER, URR, FAR (if any) included in the session PDR is default apply to all the other PDRs in the whole session. And for GBR SDF PDR should associate the related bearer/QoS Flow PDR in the Associated PDR ID IE, and associate to the QER, FAR, URR referred by the bearer/QoS Flow PDR will apply to all the SDF which refer to the PDR ID of the bearer/QoS Flow. The UP will derive out of the Bearer/QoS Flow QER, if the Session QER is valid (detection of GBR bearer/QoS Flow).
Table 7.5.2-2: PDR within Sx Session Establishment Request
	Octet 1 and 2
	
	Create PDR IE Type = 1(decimal)

	Octets 3 and 4
	
	Length = n

	Information elements
	P
	Condition / Comment
	Appl.
	IE Type

	
	
	
	Sxa
	Sxb
	Sxc
	

	PDR ID
	M
	This IE shall uniquely identify the PDR among all the PDRs configured for that Sx session.
	X
	X
	X
	PDR ID

	Rule type
	M
	Session, Bearer/QoS Flow, SDF/Application
	
	
	
	

	Associated PDR ID
	O
	This IE shall indicate Bearer/QoS Flow PDR ID which the SDF/Application PDR belong to.
	
	
	
	

	Precedence
	M
	This IE shall indicate the PDR's precedence to be applied by the UP function when looking for a PDR matching an incoming packet.
	X
	X
	X
	

	PDI
	M
	This IE shall contain the PDI against which incoming packets will be matched. 
See Table 7.5.2-3.
	X
	X
	X
	PDI

	FAR ID 
	M
	This IE shall contain the FAR IDs to be associated to the PDR.
	
	
	
	FAR ID

	URR ID
	C
	This IE shall be present over the Sxa, Sxb and Sxc interface if a measurement action shall be applied to packets matching this PDR.

When present, this IE shall contain the URR IDs to be associated to the PDR.
	
	
	
	URR ID

	QER ID 
	C
	This IE shall be present over the Sxb and Sxc interface if a QoS enforcement action shall be applied to packets matching this PDR.

When present, this IE shall contain the QER IDs to be associated to the PDR.
	
	
	
	QER ID

	Application start/Stop Notification 
	C
	This IE shall be present over the Sxb and Sxc interface if the CP function requests the UP function to report an application start and stop. 
	
	
	
	Application Notification


Under this solution, PDR_I, PDR_A, PDR_B introduced, the association of the rules listed in the following table, FAI_I, URR_I apply to all the PDR in the session. And QER_I apply to all the non GBR bearer/QoS Flow of the session. The URR_A, FAR_A associated to the PDR_A, apply to the subsequent PDR_S1/S2; And URR_B, QER_B, FAR_B associated to the PDR_B apply to the subsequent PDR_S3.

	Rule ID
	Precedence
	Rule type
	PDI
	FAR IDs
	QER IDs
	URR IDs
	Associated  PDR ID

	PDR_I
	
	Session
	PDI_I
	FAI_I, 
	QER_I,
	URR_I,
	NA

	PDR_A
	
	Bearer/QoS Flow
	PDI_A
	FAR_A, 
	
	URR_A
	NA

	PDR_B
	
	Bearer/QoS Flow
	PDI_B
	FAR_B, 
	QER_B
	URR_B,
	NA

	PDR_S1
	1
	SDF
	PDI_S1
	FAR_S1
	
	URR_S1
	PDR_A

	PDR_S2
	2
	SDF
	PDI_S2
	FAR_S2
	QER_S2
	URR_S2
	PDR_B

	PDR_S3
	3
	SDF
	PDI_S3
	FAR_S3
	QER_S3
	URR_S3
	PDR_B


The table above reflects the solution with SDF PDR containing Bearer/QoS Flow PDR IDs. The intention of the solution is to detect Rules which need to be reused when definite  PDR (with SDF) in EPC we  can identify Rules  which are applicable for all PDRs, some Rules only applicable for Bearer/QoS Flow and some rules which are only valid  for  one  SDF criteria. PDI is split in the three parts identifying each criteria. When performing the split the number of information elements are increased on a first view but only if the assumption is that there is only a small number of SDF criteria defined. The solution has a benefit in reusing a reference to a set of common parts instead of repeating common parts.
Cons: split 1 PDR into 3 PDRs means introduce rule type IE in the PDR, introduce Bearer/QoS Flow/session level PDR, additionally Associated PDR ID in the SDF level PDR.
If there is a small number of SDFs per subscriber there is no benefit in signalling.
Pros: Largely decrease the reference resource in each SDF/Application PDR, avoid the reference to the session level FAR (if any), QER, URR.
Solution 3
Introduce the Rule type session, bearer/QoS Flow, SDF/Application in the PDR, and the session PDR ID should be included in the bearer/QoS Flow PDR, and the bearer/QoS Flow PDR ID should be included in the SDF/Application ID PDR. QER, FAR, URR referred by the bearer/QoS Flow PDR apply to all the SDF/Application of the bearer/QoS Flow. And the QER, FAR, URR referred by the session PDR apply to all the bearer/QoS Flow and the SDF/Application related to the bearer/QoS Flow.
Table 7.5.2-2: PDR within Sx Session Establishment Request
	Octet 1 and 2
	
	Create PDR IE Type = 1(decimal)

	Octets 3 and 4
	
	Length = n

	Information elements
	P
	Condition / Comment
	Appl.
	IE Type

	
	
	
	Sxa
	Sxb
	Sxc
	

	PDR ID
	M
	This IE shall uniquely identify the PDR among all the PDRs configured for that Sx session.
	X
	X
	X
	PDR ID

	Rule type
	M
	Session, Bearer/QoS Flow, SDF/Application
	
	
	
	

	Precedence
	M
	This IE shall indicate the PDR's precedence to be applied by the UP function when looking for a PDR matching an incoming packet.
	X
	X
	X
	

	PDI
	M
	This IE shall contain the PDI against which incoming packets will be matched. 
See Table 7.5.2-3.
	X
	X
	X
	PDI

	FAR ID 
	M
	This IE shall contain the FAR IDs to be associated to the PDR.
	
	
	
	FAR ID

	Referred PDR ID
	C
	This IE shall set to the bearer/QoS Flow PDR ID over the Sb of the SDF/Application if Rule type is set to SDF/Application, shall be set to session PDR ID over the Sb if Rule type is set to bearer/QoS Flow.
	
	
	
	

	URR ID
	C
	This IE shall be present over the Sxa, Sxb and Sxc interface if a measurement action shall be applied to packets matching this PDR.

When present, this IE shall contain the URR IDs to be associated to the PDR.
	
	
	
	URR ID

	QER ID 
	C
	This IE shall be present over the Sxb and Sxc interface if a QoS enforcement action shall be applied to packets matching this PDR.

When present, this IE shall contain the QER IDs to be associated to the PDR.
	
	
	
	QER ID

	Application start/Stop Notification 
	C
	This IE shall be present over the Sxb and Sxc interface if the CP function requests the UP function to report an application start and stop. 
	
	
	
	Application Notification


Under this solution, PDR_I, PDR_A, PDR_B introduced, the association of the rules listed in the following table, FAI_I, URR_I apply to PDR A and PDR B in the session. The URR_A, FAR_A associated to the PDR_A, apply to the PDR_S1/S2 which Associated PDR ID set to PDR_A; And URR_B, QER_B, FAR_B associated to the PDR_B apply to the PDR_S3 which Associated PDR ID set to PDR_B
	Rule ID
	Precedence
	
	Associated 

PDR ID
	PDI
	FAR IDs
	QER IDs
	URR IDs

	PDR_I
	
	
	
	PDI_I
	FAI_I, 
	QER_I,
	URR_I,

	PDR_A
	
	
	PDR_I
	PDI_A
	FAR_A, 
	
	URR_A

	PDR_B
	
	
	PDR_I
	PDI_B
	FAR_B, 
	QER_B
	URR_B,

	PDR_S1
	1
	
	PDR A
	PDI_S1
	FAR_S1
	
	URR_S1

	PDR_S2
	2
	
	PDR B
	PDI_S2
	FAR_S2
	QER_S2
	URR_S2

	PDR_S3
	3
	
	PDR B
	PDI_S3
	FAR_S3
	QER_S3
	URR_S3


 The solution optimize the PDR, by defining common PDRs and add to a reference these PDR from PDRs which more granularity. 
Cons: split 1 PDR into 3 PDRs and refer to an overlay PDR and the user plane should distinguish which PDR is first performed by implementation, and this will add complication on the user plane.
Pros: Largely decrease the reference resource in PDRs.
Summary:
Comparison of the solution regarding number of parameters in signalling over Sx interface aspects: assuming the proposal with (non GBR) PDR_S1 and reusing of PDR_A and PDR_I

	Number of SDF
	Current solution
	Solution 1
	Solution2
	Solution3

	1
	10
	18
	18
	16

	2
	20
	25
	25
	23

	3
	30
	32
	32
	30

	4
	40
	39
	39
	37

	5
	50
	46
	46
	44


Comparison of the solution regarding signalling aspects: assuming the proposal with (non GBR) PDR_S1 and reusing of PDR_I and not creating PDR_A:

	Number of SDF
	Current solution
	Solution 1
	Solution2
	Solution3

	1
	10
	14
	14
	13

	2
	20
	23
	23
	19

	3
	30
	32
	32
	27

	4
	40
	41
	41
	33

	5
	50
	50
	50
	39


Comparison of the solution regarding signalling aspects: assuming the proposal with (GBR) PDR_S2 and reusing of PDR_B and PDR_I with multiple SDFs

	Number of SDF
	Current solution
	Solution 1
	Solution2
	Solution3

	1
	11
	20
	20
	16

	2
	22
	28
	28
	22

	3
	33
	36
	36
	28

	4
	44
	44
	44
	34

	5
	55
	52
	52
	40


The tables above show that when combined PDRs and just referring to those this will reduce the signalling. The comparison shows that Solution 1 and 2 would have the same amount of benefit. Solution 3 would add some more flexibility for the case that there are no rules apply for all user streams (bearer/QoS Flows) of the user. For all 3 solutions the benefit increases by the number of common rules to be referred to.

3. Conclusion

Base on above discussion, it’s proposed to apply Solution1 to define the Sx parameters.
