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1
Introduction

After the RAN#71 meeting, a new NR SI was agreed followed by the NR WI [1], with the main objective of developing a new radio access technology. One of the new features provided by the NR technology and 5G core is the per-flow QoS model and slicing, both of which have commonalities in a sense that they provide a unified toolbox for the operator to deploy and support different services. 
During the RAN2#99 meeting, RAN WG2 discussed and agreed that up to 8 slices could be established per a UE. And after RAN2#101 meeting, another important agreement was made that at least 16 DRBs must be supported by a UE (a higher number of DRBs can be considered in future releases and the user plane is already designed to address up to 32 DRBs). However, RAN WG2 did not discuss and agree on how many PDU sessions can/should be supported by the NR UE.

In this discussion paper we elaborate on certain features that become available with introduction with 5GC and try to present a big picture on how many PDU sessions we might need accounting for a new QoS per-flow model and slicing models. 

2
DRBs and PDU sessions for NR
In the new 5G QoS model, the core network classifies data into so-called QoS flows, whereupon several TCP connections and/or UDP sessions can be assigned the same QoS flow. Then, it is the RAN responsibility to map the QoS flows into DRBs, and several QoS flows can be mapped into the same DRB. As can be seen, if the RAN supports only a limited number of DRBs per a UE, then there is no incentive for the core network to apply a new QoS model. In other words, if a UE supports only few DRBs, then the outcome would be the same as if when the core network did not apply any classification and all the packets would go to the same default DRB. The full power and benefit of a new QoS model can be realized only when the RAN can establish a number of DRBs thus protecting traffic from different connections or services. 
Based on these considerations RAN WG2 already made a decision that at least 16 DRBs should be supported by a UE, and the user plane protocol design is already dimensioned for up to 32 DRBs. Should NR need to support up to 32 DRBs, this extension can be done with minimal changes in RAN WG2. 
Observation 1a: 
The NR UE supports at least 16 DRBs

Observation 1b:
RAN WG2 user plane design is already dimensioned to support up to 32 DRBs.

From the viewpoint of slicing, RAN WG2 has made a decision that up to 8 slices can be established per a UE. According to the previous RAN WG2 agreements, each slice is implemented by means of the PDU session, i.e. up to 8 PDU sessions can be established per a UE if the network decides to utilize the maximum number of available slices. It also important to note that according to the SA WG2 architectural decision, one slice can comprise one or several PDU sessions. In other words, the maximum number of 8 slices could be translated into more than 8 PDU sessions established per a UE (in fact, even a fewer number of slices can result in a larger number of slices if every slice establishes more than 2 PDU sessions). Furthermore, even if CN and RAN do not deploy slicing model, it still does not mean that a number of PDU sessions cannot be established. 
Table 1: Overview of the number of QoS flows, slices, PDU sessions, and DRBs.
	
	LTE
	NR

	Max. number of QoS flows
	-
	64

	Max. number of slices
	-
	8

	Max. number of PDU sessions
	8
	8..16(1)

	Max. number of DRBs
	8
	16..32(2)

	

	NOTE1: RAN WG2 did not discuss on how many PDU sessions can/shall be supported.

NOTE2: The minimum number of DRBs for NR is 16, but the user plane is already dimensioned for 32. 


Table 1 presents a small summary of our considerations indicating how many DRBs we have in LTE and for NR together with new QoS per-flow and slicing models. It should be noted that RAN WG2 did not discuss on how many PDU sessions shall be supported. However, since a UE has to support at least 8 slices, it immediately puts a requirement to support at least 8 PDU sessions. Furthermore, each PDU session means that least one (default) DRB should be established because a DRB cannot be shared across multiple PDU sessions. Thus, one can envision a scenario when up to 16 different PDU sessions can be instantiated irrespective of how many slices a UE has. 
Observation 2a:
8 slices require a UE to support at least 8 PDU sessions. However, more PDU sessions might be needed because one slice can embrace more than one PDU session.

Observation 2b:
Since the NR UE has to support at least 16 DRBs, up to 16 PDU sessions can be instantiated (i.e. one DRB for each PDU session).
According to the latest agreements captured by CT WG1 in TS 24.007, one octet is allocated for the PDU session ID thus allowing up to 255 different values. However, it is also clarified that only values 5-15 can be used, which limits the number of PDU sessions to 11 (see an excerpt from TS 24.007 in Annex). As this CT WG1 agreement was made before RAN WG2 confirmed that at least 16 DRBs shall be supported by the NR UE, our view is that the corresponding change should be introduced to allow (at least) up to 16 PDU sessions. It can be discussed further whether we allocate space for up to 32 PDU sessions now or whether this extension is done in future releases when 32 DRBs are supported by UEs. 
Proposal:
The number of PDU sessions is at least 16 for NR. 
3
Conclusions

In this discussion paper we have presented our considerations on how many PDU sessions we might need for NR accounting for the features and potential requirements. As the NR UE is required to support at least 8 slices, we need to support at least 8 PDU sessions. However, since the NR UE has to support at least 16 DRBs, then at least 16 PDU sessions can be also considered for NR. 
Proposal:
The number of PDU sessions is at least 16 for NR. 
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Annex A:
Excerpt from TS 24.007

11.2.3.1b
PDU session identity
A L3 protocol may define that octet 2 of a standard L3 message of the protocol contains the PDU session identity. The PDU session identity is used to identify a PDU session.
The range of PDU session identity values indicated in table 11.2.3.1c.1 is shared between the PDU sessions over 3GPP access and the PDU sessions over non-3GPP access.
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Figure 11.2.3.1c.1: PDU session identity
Table 11.2.3.1c.1: PDU session identity
	PDU session identity value (octet 1, bit 1 to bit 8)

	Bits

	8
	7
	6
	5
	4
	3
	2
	1
	

	0
	0
	0
	0
	0
	0
	0
	0
	No PDU session identity assigned

	0
	0
	0
	0
	0
	0
	0
	1
	Reserved

	0
	0
	0
	0
	0
	0
	1
	0
	Reserved

	0
	0
	0
	0
	0
	0
	1
	1
	Reserved

	0
	0
	0
	0
	0
	1
	0
	0
	Reserved

	0
	0
	0
	0
	0
	1
	0
	1
	PDU session identity value 5

	0
	0
	0
	0
	0
	1
	1
	0
	PDU session identity value 6

	0
	0
	0
	0
	0
	1
	1
	1
	PDU session identity value 7

	0
	0
	0
	0
	1
	0
	0
	0
	PDU session identity value 8

	0
	0
	0
	0
	1
	0
	0
	1
	PDU session identity value 9

	0
	0
	0
	0
	1
	0
	1
	0
	PDU session identity value 10

	0
	0
	0
	0
	1
	0
	1
	1
	PDU session identity value 11

	0
	0
	0
	0
	1
	1
	0
	0
	PDU session identity value 12

	0
	0
	0
	0
	1
	1
	0
	1
	PDU session identity value 13

	0
	0
	0
	0
	1
	1
	1
	0
	PDU session identity value 14

	0
	0
	0
	0
	1
	1
	1
	1
	PDU session identity value 15

	All other values are reserved.




