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1 Introduction
At RAN2#69bis, Un DRB number extension scheme was discussed based on [1]. However, no agreement was made since the motivation and complexity were unclear. This paper analyses the number of Un DRB needed by classifying the Un data and studying the specification impacts, and provides some proposals on this issue.  

2 Discussion
2.1 Categories of Un data 

On Un interface, the data to be mapped on DRBs can be classified into three categories: 
· S1/X2 user plane data;

· S1/X2 control plane data, i.e. S1/X2-AP messages;

· RN’s OAM data;
There are 9 QCIs have been defined in [2] already. Furthermore, operators may need to define new QCIs to satisfy their own requirements. Hence, the S1/X2 user plane data can be further classified into at least 9 types according to the QCI. To provide different QoS support to each type of data, data belonging to each QCI should be mapped to at least one DRB on Un interface. Considering that only 8 DRBs are supported on Uu interface, the maximum DRB number should be extended on Un interface.

Proposal 1: The maximum DRB number (i.e. 8 in legacy specification) should be extended on Un interface.

Proposal 1a:  Data belonging to each QCI should be mapped to one DRB on Un interface.

We noticed that the S1/X2 control plane data needs integrity protection, while the data belonging to the other two categories needn’t. Therefore the S1/X2 control plane data can not be multiplexed with the other two categories data to the same Un DRB.
Proposal 1b: The S1/X2 control plane data can not be mapped to the same Un DRB with S1/X2 user plane data and OAM data.

When S1/X2 control plane data are transported over Un U-plane, multiple pairs of SCTP streams (more than 2 for S1AP and more than 2 for X2AP) are used to avoid head-of-line blocking as in sequence delivery is provided per stream[3]
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[4]. However mapping the data belonging to different SCTP streams into one Un DRB will introduce head-of-line blocking in Layer2. All the data, no matter which SCTP stream it belongs to, has to wait in the same RLC send buffer since they are scheduled by FIFO. 
To avoid head-of-line blocking totally, each SCTP stream should be assigned with a dedicated Un DRB. However, this may need at least 6 Un DRBs for S1/X2 control plane data. To balance the number of Un DRBs needed and performance of S1/X2 control plane data transporting, we propose to divide the S1/X2 control plane data into two groups: low priority messages and high priority messages. Each group should be assigned with one dedicated Un DRB.

Proposal 1c: To avoid head of line blocking, high priority and low priority S1/X2 control plane data should be mapped on different DRBs.
Among the S1/X2 user plane data, there is forwarding data of the UE who handovers from or to a RN. Take UE handover from RN to DeNB as an example, the fresh DL S1 user plane data heading to UE is delivered to RN by DeNB via Un interface firstly, then RN will forward the received data back to DeNB via Un interface again. This means a back and forth forwarding over the Un interface, which makes the forwarding data suffer a longer latency and higher PELR than the data without forwarding. The forwarding procedure will degrade the user experience if the forwarding data is scheduled in target DeNB without special consideration. 
The situation will be even worse in the case that UE handovers from RN1 served by DeNB1 to RN2 served by DeNB2. The forwarding data will go along the path RN1->DeNB1->DeNB2->RN2, which including two radio links and one wire link.

One method to solve this problem is to assign dedicated DRBs for the forwarding data. The dedicated DRBs should be higher schedule priority than the DRB carrying fresh data, which will shorten the waiting time of the forwarding data in transmitting buffer. The dedicated DRBs should also be set with a lower BLER than the DRB carrying fresh data, which will ensure the end-to-end BLER of forwarding data can satisfy QoS of the service.
Proposal 1d: Dedicated Un DRB(s) should be assigned for handover forwarding data. 
In addition to S1/X2 forwarding, there are OAM data which is more important than R-UE data. To avoid being blocked by R-UE data, OAM data may need to be assigned a dedicated DRB.

Proposal 1e: As an optimization, a dedicated Un DRB can be assigned for OAM data. 
2.2 Specification Impact
We find that extending Un DRB number may cause some impact to the legacy specifications which define the maximum EPS bearer number and logical channels supported by Uu interface.
2.2.1 Max EPS bearer supported
In [5], a 4-bit-long EPS bearer ID field is defined. 12 codepoints (codepoint 0000 for “No EPS bearer identity assigned”) are used and the other 4 are reserved (see Annex1).  That is to say we can use at most 11 EPS simultaneously without any specification impact. 

If we are permitted to use the reserved 4 EPS bearer IDs, at most 15 EPS can be used simultaneously without big specification modification.
2.2.2. Max logical channel supported

In [6], a 5-bit-long LCID is defined. Currently 8 LCID codepoints are assigned to identify DRBs for Uplink and Downlink separately. Besides the LCID codepoints assigned for MAC CE, there are 15 LCID codepoints reserved for Uplink and 17 LCID codepoints reserved for Downlink.

If we use the reserved 15 LCID codepoints for Un DRB extending, there will be at most 23 logical channels without great impact to specifications.

The impact to EPS bearer ID and logical channel ID caused by extending Un DRB number are listed in the following table.
Table 1 Impact of extending Un DRB number
	Number of Un DRB(N)
	Impact to EPS bearer ID
	Impact to logical channel ID

	N = 8
	No impact
	No impact

	8<N<=11
	No impact
	Little impact

(N-8) reserved LCID should be used

	11<N<=15
	Little impact

(N-11) reserved EPS bearer ID should be used
	Little impact

(N-8) reserved LCID should be used

	15<N<=23
	Great impact

EPS bearer ID field should be extended
	Little impact

(N-8) reserved LCID should be used

	N>23
	Great impact

EPS bearer ID field should be extended
	Great impact

LCID field should be extended


Take the above into account, we propose the number of Un DRB should not exceed 15.

Proposal 2: To avoid great impact to specifications, the number of Un DRB should not exceed 15.
Proposal 2a: An LS should be sent to SA2 on using the reserved ESP bearer ID if proposal 2 is agreed by RAN2. 
To make the above discussion more clear，some  example Un DRB extension schemes are provided in Annex2.
3 Conclusion
According to the presentation in section two, we propose:

Proposal 1: The maximum DRB number (i.e. 8 in legacy specification) should be extended on Un interface.

1a:  Data belonging to each QCI (including QCI defined by operator) should be mapped to at least one DRB on Un interface.

1b: The S1/X2 control plane data can not be mapped to the same Un DRB with S1/X2 user plane data and OAM data, i.e. dedicated Un DRBs should be assigned for the S1/X2 control plane data. 
1c:To avoid head of line blocking, high priority and low priority S1/X2 control plane data should be mapped on different DRBs.
1d: Dedicated Un DRB(s) should be assigned for handover forwarding data. 
1e: As an optimization, a dedicated Un DRB can be assigned for OAM data. 

Proposal 2: To avoid great impact to specifications, the number of Un DRB should not exceed 15.
2a: An LS should be sent to ask SA2’s opinion on using the reserved ESP bearer ID if proposal 2 is agreed by RAN2.
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Annex1
11.2.3.1.5
EPS bearer identity

A L3 protocol may define that bits 5 to 8 of octet 1 of a standard L3 message of the protocol contain the EPS bearer identity. The EPS bearer identity is used to identify a message flow.

	
	8
	7
	6
	5
	4
	3
	2
	1
	

	
	EPS bearer identity value
	-
	-
	-
	-
	octet 1


Figure 11.9a: EPS bearer identity

Table 11.5: EPS bearer identity

	EPS bearer identity value (octet 1)

	

	Bits

	8
	7
	6
	5
	

	0
	0
	0
	0
	No EPS bearer identity assigned

	0
	0
	0
	1
	Reserved

	0
	0
	1
	0
	Reserved

	0
	0
	1
	1
	Reserved

	0
	1
	0
	0
	Reserved

	0
	1
	0
	1
	EPS bearer identity value 5

	0
	1
	1
	0
	EPS bearer identity value 6

	0
	1
	1
	1
	EPS bearer identity value 7

	1
	0
	0
	0
	EPS bearer identity value 8

	1
	0
	0
	1
	EPS bearer identity value 9

	1
	0
	1
	0
	EPS bearer identity value 10

	1
	0
	1
	1
	EPS bearer identity value 11

	1
	1
	0
	0
	EPS bearer identity value 12

	1
	1
	0
	1
	EPS bearer identity value 13

	1
	1
	1
	0
	EPS bearer identity value 14

	1
	1
	1
	1
	EPS bearer identity value 15

	


Annex2
1. Un DRB extension schemes

1）8 Un DRBs(No impact to specifications)
Option1:
In this scheme, the number of Un DRB is 8. This scheme is compatible with legacy specifications. One possible mapping solution is illustrated in Figure 1.
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Figure 1 mapping solution of 8 Un DRBs

In this scheme, S1/X2-AP messages are multiplexed on 1 DRB. The S1/X2 user plane data is mapped to 7 Un DRBs according to their QCI. For there are 9 QCIs and only 7 Un DRB, data packets belonging to different QCIs have to be mapped on one DRB. In Figure 1, QCI2&3 are mapped to DRB2, QCI7&8 are mapped to DRB7.  OAM data has no dedicated DRB.

2）11 Un DRB（Reserved LCID should be used）

Option 2: S1-AP and X2-AP mapping on different DRBs respectively

In this scheme, the number of Un DRB is 11. This scheme requires that 3 reserved LCIDs are used to identify Un DRBs. One possible mapping solution is illustrated in Figure 2.
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Figure 2 mapping solution of 11 Un DRBs(option2)

In this scheme, S1-AP and X2-AP messages are respectively mapped to 1 DRB. The S1/X2 user plane data is mapped to 9 Un DRB according to their QCI. In another word, data belonging to different QCIs should not be mapped to the same DRB. However, OAM data again has no dedicated DRB.

Option 3: S1-AP and X2-AP share same DRB pool
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Figure 3 mapping solution of 11 Un DRBs (option3)
The difference between option2 and option3 is the method of mapping the S1-AP and X2-AP. In option2, the two DRBs carrying S1/X2-AP are assigned different priority, i.e. one for high priority messages and the other for low priority messages. S1/X2-AP messages are mapping to different DRBs according to their priority.  

3）15 Un DRB(Reserved EPS bearer ID and LCID should be used)
Option 4:
In this scheme, the number of Un DRB is 15. This scheme requires using 7 reserved LCIDs and 4 reserved EPS bearer IDs. One possible mapping solution is illustrated in Figure 4.
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Figure 4 mapping solution of 15 Un DRBs

In this scheme, some DRBs are assigned for handover forwarding data to reduce the handover interruption. Considering the limitation of Un DRB number, forwarding data belonging to similar QCI shares one DRB. In Figure 4, forwarding data belonging to QCI1,2,3 are mapped to DRB13; QCI4,5,6 are mapped to DRB14; QCI7,8,9 are mapped to DRB15. The schedule priority of DRBs carrying forwarding data should be higher than that carrying fresh S1 user plane data. For example, in Figure 4, the schedule priority of DRB13 should be set higher than DRB4,5,6 which carrying data belonging to QCI1,2,3. In addition a dedicated DRB is assigned to carry OAM data.
2. Comparison
When compare the option1 and option2&3&4, we notice that when different QCIs are mapped to one DRB, the QoS of the corresponding data can’t be satisfied. 

When compare the option2 and option3, we notice that high priority S1/X2-AP messages may be blocked by low priority S1/X2-AP messages in option2. 

When compare the option2&3 and option4, we notice that by giving forwarding data higher schedule priority on Un interface, these data will suffer a short data interrupt time. This will improve user experiences. And by mapping OAM information to a dedicated DRB, the OAM information which is very important to RN, can avoid being blocked by user data.
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