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1   Introduction
Based on agreements of the RAN3#65bis meeting [1], S1-MME was agreed to be terminated in the relay node for all alternatives. One of item that needs to be investigated further is the head-of-line blocking issue for S1-AP over the Un interface. 
This contribution studies the head of line blocking for transporting the S1-AP/X2-AP message in DRBs or SRBs in the Un interface. The analysis shows that in order to mitigate the head of line blocking issue Alternative 1, 2 and 3 require at least 2 DRB and two new QCI for transporting S1-AP/X2-AP messages over Un via multiple streams of SCTP, whereas Alternative 4 requires 2 SRB for transporting S1-AP/X2-AP messages over Un via RRC. Furthermore, Alternative 1 and 3 require expanding the pattern for matching in the SDF detection in the P-GW of RN in order to support mapping multiple SCTP streams in the backhaul link into DRBs in the Un interface. The resolutions for all alternatives impact Rel-8 and Rel-9 specifications.
2   Discussion
The Alternative 1, Alternative 2, and Alternative 3 utilize DRBs as depicted in the [2] to carry control plane messages in the Un interface. The SCTP over Un accommodates error handling for the control plane signalling. Thus, Alternative 1, 2, and 3 utilize RLC UM with SCTP for the reliable transport of control-plane messages in the Un interface. 

The Alternative 4 utilizes SRBs to carry control plane messages in the Un interface. The RLC AM accommodates error correction through the ARQ mechanism. Therefore, Alternative 4 utilizes RLC AM with RRC for the reliable transport of control-plane messages in the Un interface. 
2.1   How many DRBs/SRBs are required to carry S1-AP/X2-AP messages over Un
Based on the requirement of S1 signalling transport depicted in the [3], there is more than one S1-AP message contained in an association as the following 

“-
a single pair of stream identifiers shall be reserved for the sole use of S1-AP elementary procedures that utilize non UE-associated signalling.

-
At least one pair of stream identifiers shall be reserved for the sole use of S1-AP elementary procedures that utilize UE-associated signalling. However a few pairs (i.e. more than one) should be reserved.
- A single UE-associated signalling shall use one SCTP stream and the stream should not be changed during the communication of the UE-associated signaling.”
The S1-AP message is carried inside the IP/SCTP in the backhaul wire-line link, which is a multi-hop IP network, where the SCTP provides multi-streaming functionalities for its upper layer (S1-AP and X2-AP). The multi-streaming feature of the SCTP is primarily used to overcome the head of line blocking problem due to congestion, packet lost or packet error during transmission over multi-hop IP routers. However, in the single RB (DRB or SRB) scenario, where multiple streams of SCTP are mapped into the same PDCP/RLC instance, the multi-streaming feature of SCTP is invalided when there is only one Tx/Rx PDCP/RLC between RN and DeNB. When the radio link is unreliable or congested, all SCTP streams would be blocked at the same time. Therefore, the multi-streaming functionality of SCTP cannot provide same benefits in the Un interface (single PDCP/RLC for S1-AP/X2-AP) as that in the multi-hop wire-line IP network.
Based on analysis above, carrying S1-AP or X2-AP messages requires more than one RB (DRB or SRB). For example, it is suggested that at least six RBs are used for S1-AP and X2-AP messages depicted in [4]. Some UE and non-UE associated S1-AP messages require similar constrains in latency and error rate within one RB. One way to reduce the demand of RBs for the control plane transport is to support multiple UE and non-UE associated S1-AP messages in one RB. Hence, the minimum requirement of six RBs can be reduce to two for different priorities of signalling messages.  
2.2   New QCI for DRBs carrying S1-AP/X2-AP messages
When a DRB is used to transport S1-AP/X2-AP messages, the assigned QCI must be highest priority among all DRBs with less than 50ms delay in order to avoid the head of line blocking by UE’s traffic. There is no such QCI in Rel-8 suitable for carrying S1-AP/X2-AP control messages. Therefore, new QCIs are required to be defined for Alternative 1, 2 and 3 to transport control-plane messages.
There are at least two new QCIs required for two DRBs with different priority to transport the control plane messages in the Alternative 1, Alternative 2, and Alternative 3 as depicted in the table 2.2-1. Two additional QCI, i.e. the QCI label 10 and 11, is added in the standard QCI value depicted in [5] for highest priority DRBs. The existing orders of the Priority in the QCI table are rearranged. Two additional QCIs requires low PDB, which is less than 50ms, and low PELR, i.e. ≦10-6, to mandate low latency and low error rate in the control plane transport as depicted in the [6]. The precisely value of PDB and PELR of those two new QCIs needs further study.
	QCI
	Resource Type
	Priority
	Packet Delay Budget
	Packet Error Loss

Rate
	Example Services

	1
	
	4
	100 ms
	10-2
	Conversational Voice

	2
	GBR
	6
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3
	
	5
	50 ms
	10-3
	Real Time Gaming

	4
	
	7
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5
	
	3
	100 ms
	10-6
	IMS Signalling

	6
	
	
8
	
300 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	Non-GBR
	
9
	
100 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	10
	
300 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
	
	11
	
	
	sharing, progressive video, etc.)

	10
	??
	1
	<50 ms 
	≦ 10-6 
	Higher priority in S1-AP/X2-AP messages

	11
	
	2
	<50 ms 
	≦ 10-6 
	normal priority in S1-AP/X2-AP messages


Table. 2.2-1 Stardard QCI value vs two new QCIs
In the Rel-8 and Rel-9 RRC depicted in the [7], the value of bucketSizeDuration indicates the value of PDB in each logical channel connection as depicted in the figure 2.2-2. The new value of bucketSizeDuration, i.e. ms20 and ms30, are required to be added corresponding for the control plane transport in the Un interface. Otherwise, the existing value of bucketSizeDuration, spare1 and spare2, could be used for expansion instead. Because the optimize value of prioritisedBitRate, infinity, is reserved for SRBs, it needs further study whether the value of kBps256 is enough for new values of PDB. Otherwise, a new value of prioritisedBitRate is also required.
The combination configuration among parameters in the MAC and RLC to meet the requirement of PDB of new QCIs needs further study. Also, how RLC UM + SCTP meet the requirement of PELR of new QCIs requires further study too.
LogicalChannelConfig information element
-- ASN1START

LogicalChannelConfig ::=


SEQUENCE {


ul-SpecificParameters



SEQUENCE {



priority






INTEGER (1..16),



prioritisedBitRate




ENUMERATED {













kBps0, kBps8, kBps16, kBps32, kBps64, kBps128,













kBps256, infinity, spare8, spare7, spare6,













spare5, spare4, spare3, spare2, spare1},



bucketSizeDuration




ENUMERATED {













ms50, ms100, ms150, ms300, ms500, ms1000, spare2,













spare1},



logicalChannelGroup




INTEGER (0..3)


OPTIONAL


-- Need OR


}

OPTIONAL,
















-- Cond UL


...

}

-- ASN1STOP

	LogicalChannelConfig field descriptions

	Priority

Logical channel priority in TS 36.321 [6]. Value is an integer.

	prioritisedBitRate

Prioritized Bit Rate for logical channel prioritization in TS 36.321 [6]. Value in kilobytes/second. Value kBps0 corresponds to 0 kB/second, kBps8 corresponds to 8 kB/second, kBps16 corresponds to 16 kB/second and so on. Infinity is the only applicable value for SRB1 and SRB2

	bucketSizeDuration

Bucket Size Duration for logical channel prioritization in TS 36.321 [6]. Value in milliseconds. Value ms50 corresponds to 50 ms, ms100 corresponds to 100 ms and so on.

	logicalChannelGroup

Mapping of logical channel to logical channel group for BSR reporting in TS 36.321 [6].


Figure 2.2-2 Logical Channel Configuration
2.2.1   Alternative 1 with multiple DRB for the control-plane
The control plane protocol stack of the Alternative 1 is depicted in the figure 2.2.1-1. The S1-AP/X2-AP message is sent by a SCTP connection between MME and RN. The S1-AP/X2-AP message is carried in an IP/SCTP connection in both backhaul link and radio link. 
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Figure. 2.2.1-1 C-plane protocol stack for the Alternative 1 and 3
During the RN attach procedure, RN setups a SCTP connection with MME of UE before the setup of the S1interface. Based on the requirement of S1 signalling transport layer [3], there shall be one SCTP association established between one MME and each eNB pair, which means each RN has its unique SCTP connection between RN and MME of UE. Hence, the P-GW of RN requires configuring same IP address and SCTP port number for those EPSs/DRBs that carry different streams of a SCTP association in the Un interface for each RN. Furthermore, the P-GW of RN requires filtering the stream ID of SCTP to map each streams within an IP/SCTP connection between P-GW of RN and MME of UE into a corresponding EPS/DRB. Alternative 1 requires expanding the pattern for matching in the SDF detection in the P-GW of RN in order to support mapping multiple SCTP streams in the backhaul link into DRBs in the Un interface. 
For multi-hop scenario, the head of line problems and solutions are similar to the two-hop scenario.
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Figure. 2.2.1-2 SCTP connection vs DRBs for the Alternative 1, two-hop scenario
2.2.2   Alternative 3 with multiple DRB for the control-plane
The control plane protocol stack of the Alternative 3 is depicted in the figure 2.2.2-1. The S1-AP/X2-AP message is sent by a SCTP connection between MME and RN. The S1-AP/X2-AP message is carried in an IP/SCTP connection in both backhaul link and radio link. 
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Figure. 2.2.2-1 SCTP connection vs DRBs for the Alternative 3, two-hop scenario
The embedded P-GW of RN also requires configuring same IP address and SCTP port number for those EPSs/DRBs that carry different streams of a SCTP association in the Un interface for each RN. Furthermore, the P-GW of RN requires filtering the stream ID of SCTP to map each streams within an IP/SCTP connection between P-GW of RN and MME of UE into a corresponding EPS/DRB. Alternative 3 requires expanding the pattern for matching in the SDF detection in the P-GW of RN in order to support mapping multiple SCTP streams in the backhaul link into DRBs in the Un interface. 
For multi-hop scenario, the head of line problems and solutions are similar to the two-hop scenario.
2.2.3   Alternative 2 with multiple DRB for the control-plane
The control plane protocol stack of the Alternative 2 is depicted in the figure 2.2.3-1. The relay architecture of Alternative 2 supports the HeNB GW functionality as a S1-AP/X2-AP proxy. The S1-AP/X2-AP message is sent by a SCTP connection between MME and DeNB, and another SCTP connection between DeNB and RN. The S1-AP/X2-AP message is carried in separated IP/SCTP connections in both backhaul and radio link. 
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Figure. 2.2.3-1 C-plane protocol stack for the Alternative 2
The embedded P-GW of RN also requires configuring same IP address and SCTP port number for those EPSs/DRBs that carry different streams of a SCTP association in the Un interface for each RN. Furthermore, the P-GW of RN requires filtering the stream ID of SCTP to map each streams within an IP/SCTP connection between P-GW of RN and MME of UE into a corresponding EPS/DRB. In the Alternative 2 the S1-AP or X2-AP message is processed by the functionality of S1-AP proxy (or X2-AP proxy) in its intermediate node, i.e. DeNB for two-hop scenario. Thus, by combining S1-AP/X2-AP proxy with embedded P-GW, DeNB or RN map each SCTP stream into a corresponding DRB based the priority of the S1-AP/X2-AP message.
For the multi-hop scenario, DeNB and the intermediate RN perform mapping of the SCTP stream in the same way as the two-hop scenario. Furthermore, due to the feature of S1-AP proxy, Alternative 2 accommodates flexibility to accelerate the control plane transport in some time constrains specific non-UE associated S1-AP messages within one DRB.
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Figure. 2.2.3-2 SCTP connection vs DRBs for the Alternative 2, two-hop scenario
2.3   S1-AP/X2-AP messages carried in SRBs
The S1-AP or X2-AP messages are carried in the RRC in the Alternative 4. In the Rel-8 and Rel-9 RRC, SRB1 and SRB2 are allocated to transfer the RRC control messages and NAS messages, where SRB2 has a lower-priority than SRB1. One SRB, i.e. SRB2, was proposed to carry S1-AP or X2-AP messages via RRC [9][10]. Hence, to mitigate the head of line problem, additional SRB, i.e. SRB3, could be added for transporting different control messages with different priority. In the following example, SRB3 is assigned lower-priority than SRB1. An example of the parameters of the SRB3 configuration is described in the table 2.3-1. 
	Name
	Value
	Semantics description
	Ver

	RLC configuration
	
	
	

	logicalChannelIdentity
	3
	
	


	Name
	Value
	Semantics description
	Ver

	RLC configuration CHOICE
	am
	
	

	ul-RLC-Config

>t-PollRetransmit

>pollPDU

>pollByte

>maxRetxThreshold
	ms45

infinity

infinity

t4
	
	

	dl-RLC-Config

>t-Reordering

>t-StatusProhibit
	ms35

ms0
	
	

	Logical channel configuration
	
	
	

	priority
	2
	
	

	prioritisedBitRate
	infinity
	
	

	bucketSizeDuration
	N/A
	
	

	logicalChannelGroup
	0
	
	


Table. 2.3-1 SRB3 configuration
The SRB3 is also established by the RRCConnectionReconfiguration message. Due to the additional new SRB, the range of srb-Identity is modified from [1,2] to [1,3]; the range of logicalChannelIdentity of DRB is modified from [3,10] to [4,10] as despicted as figure 2.3-2. The value of maxDRB in Rel-9 RRC is 11. If one logical channel is used for SRB3, the value of maxDRB may be set to 10, which needs to be agreed by SA2. The description of radio resource configuration is depicted in the table 2.3-3.
RadioResourceConfigDedicated information element
-- ASN1START

RadioResourceConfigDedicated ::=

SEQUENCE {


srb-ToAddModList




SRB-ToAddModList


OPTIONAL, 

-- Cond HO-Conn


drb-ToAddModList




DRB-ToAddModList


OPTIONAL, 

-- Cond HO-toEUTRA


drb-ToReleaseList




DRB-ToReleaseList


OPTIONAL, 

-- Need ON


mac-MainConfig





CHOICE {




explicitValue




MAC-MainConfig,




defaultValue




NULL


}

OPTIONAL,















-- Cond HO-toEUTRA2

sps-Config






SPS-Config 




OPTIONAL,

-- Need ON


physicalConfigDedicated



PhysicalConfigDedicated

OPTIONAL,

-- Need ON


...,


[[
--v9xy extension addition group:



rlf-TimersAndConstants



RLF-TimersAndConstants 
OPTIONAL

-- Need ON

]]
}

SRB-ToAddModList ::=



SEQUENCE (SIZE (1..3)) OF SRB-ToAddMod

SRB-ToAddMod ::=
SEQUENCE {


srb-Identity





INTEGER (1..3),


rlc-Config






CHOICE {



explicitValue





RLC-Config,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


logicalChannelConfig



CHOICE {



explicitValue





LogicalChannelConfig,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


...

}
DRB-ToAddModList ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddMod
DRB-ToAddMod ::=
SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)


OPTIONAL,

-- Cond DRB-Setup


drb-Identity





DRB-Identity,


pdcp-Config






PDCP-Config



OPTIONAL,

-- Cond PDCP


rlc-Config






RLC-Config



OPTIONAL,

-- Cond Setup


logicalChannelIdentity



INTEGER (4..10)


OPTIONAL,

-- Cond DRB-Setup


logicalChannelConfig



LogicalChannelConfig
OPTIONAL,

-- Cond Setup


...

}
DRB-ToReleaseList ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-Identity

-- ASN1STOP

Figure 2.3-2 RadioResourceConfigDedicated information element
	RadioResourceConfigDedicated field descriptions

	srb-Identity

Value 1 is applicable for SRB1 only.

Value 2 is applicable for SRB2 only.
Value 3 is applicable for SRB3 only.

	rlc-Config

For SRBs a choice is used to indicate whether the RLC configuration is signalled explicitly or set to the values defined in the default RLC configuration for SRB1 in 9.2.1.1, for SRB2 in 9.2.1.2, or for SRB3 in 9.2.1.3. RLC AM is the only applicable RLC mode for SRB1, SRB2 and SRB3. E-UTRAN does not reconfigure the RLC mode of DRBs, and may reconfigure the UM RLC SN field size only upon handover within E-UTRA or upon the first reconfiguration after RRC connection re-establishment.

	mac-MainConfig

Although the ASN.1 includes a choice that is used to indicate whether the mac-MainConfig is signalled explictly or set to the default MAC main configuration as specified in 9.2.2, EUTRAN does not apply "defaultValue".

	sps-Config

The default SPS configuration is specified in 9.2.3.

	physicalConfigDedicated

The default dedicated physical configuration is specified in 9.2.4.

	logicalChannelConfig

For SRBs a choice is used to indicate whether the logical channel configuration is signalled explicitly or set to the default logical channel configuration for SRB1 as specified in 9.2.1.1, for SRB2 as specified in 9.2.1.2, or for SRB3 as specified in 9.2.1.3.

	logicalChannelIdentity

The logical channel identity for both UL and DL.


Table. 2.3-3 RadioResourceConfigDedicated configuration
The S1-AP or X2-AP messages with higher priority are carried in the ULInformationTransfer or DLInformationTransfer in the SRB3 as described in the following 
· ULInformationTransfer
The ULInformationTransfer message is used for the uplink transfer of dedicated NAS information and S1-AP/X2-AP messages.

Signalling radio bearer: SRB3, SRB2 or SRB1 (only if SRB2 or SRB3 not established yet). If SRB2 or SRB3 is suspended, the UE does not send this message until SRB2 or SRB3 is resumed

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN
· DLInformationTransfer
The DLInformationTransfer message is used for the downlink transfer of dedicated NAS information and S1-AP/X2-AP messages.

Signalling radio bearer: SRB3, SRB2 or SRB1 (only if SRB2 or SRB3 not established yet. If SRB2 or SRB3 is suspended, E-UTRAN does not send this message until SRB2 or SRB3 is resumed.)

RLC-SAP: AM

Logical channel: DCCH

Direction: E‑UTRAN to UE
2.3.1   Alternative 4 with multiple SRB for the control-plane
The control plane protocol stack of the Alternative 4 is depicted in the figure 2.3.1-1. The relay architecture of Alternative 4 also supports the HeNB GW functionality as a S1-AP/X2-AP proxy. The S1-AP S1-AP/X2-AP message is sent between the MME and DeNB, and between DeNB and the RN. The S1-AP S1-AP/X2-AP message is carried in the IP/SCTP connection in the backhaul link, but is carried in the RRC instead of IP/SCTP in the radio link of the Un interface. 
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Figure. 2.3.1-1 C-plane protocol stack for the Alternative 4

S1-MME is carried in SRBs. There is no SCTP connection in the Un interface for both two-hop and multi-hop scenario. Hence, the P-GW of RN does not require providing same IP address and port number to make one SCTP association in the Un interface for each RN. The S1-AP or X2-AP message in the Alternative 4 is carried in the RRC as depicted in the [3]. Due to supporting the functionality of S1-AP proxy (or X2-AP proxy), the Alternative 4 can process the S1-AP or X2-AP message in its intermediate node, i.e. DeNB for two-hop scenario, and map the control message into proper SRB of the Un interface.
For the multi-hop scenario, DeNB and the intermediate RN perform mapping of the S1-AP/X2-AP message in the same way as the two-hop scenario. Furthermore, due to the feature of S1-AP proxy, Alternative 4 accommodates flexibility to accelerate the control plane transport in some time constrains specific non-UE associated S1-AP messages within one SRB.
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Figure. 2.3.1-2 SCTP connection vs SRBs for the Alternative 4, two-hop scenario
3   Conclusion

In this contribution detailed analysis have been perform on the head of line blocking problems and solutions for Alternative 1, 2, 3 and 4. In order to mitigate the head of line blocking issue Alternative 1, 2 and 3 require at least 2 DRB and 2 new QCI for transporting S1-AP/X2-AP messages over Un via multiple streams of SCTP, whereas Alternative 4 requires 2 SRB for transporting S1-AP/X2-AP messages over Un via RRC.  Furthermore, Alternative 1 and 3 require expanding the pattern for matching in the SDF detection in the P-GW of RN in order to support mapping multiple SCTP streams in the backhaul link into DRBs in the Un interface. The resolutions for all alternatives impact Rel-8 and Rel-9 specifications.
------ Text Proposal ------

Proposal 1: We propose the following text to be added to 4.2.3 sub clause of TR 36.806.
The control plane protocol stack that applies in case of Alt 1 and Alt 3 is shown in Figure 4.2.3-1. As it can be seen in the figure the S1-AP protocol terminates at the RN and the signaling messages go via the DeNB and the SGW/PGW of the RN acting as user plane transport nodes from the signaling traffic point of view. This means that the S1 signaling messages sent between the RN and MME are mapped on user plane EPS bearers of the RN. In order to mitigate the head of line blocking issue Alt 1, 2 and 3 require at least 2 DRB and 2 new QCI for transporting S1-AP/X2-AP messages over Un via multiple streams of SCTP. Furthermore, Alt 1 and 3 require expanding the pattern for matching in the SDF detection in the P-GW of RN in order to support mapping multiple SCTP streams in the backhaul link into DRBs in the Un interface.
Proposal 2: We propose the following text to be added to 4.3.3 sub clause of TR 36.806.
The control plane protocol architecture for Alt 4 is shown in Figure 4.3.3-1. In this case, the S1-AP messages are sent between the MME and the DeNB, and between the DeNB and the RN. Upon the DeNB receiving the S1-AP messages, it translates the UE IDs between the two interfaces by means of modifying the S1-AP UE IDs in the message but leaving other parts of the message unchanged. This operation corresponds to an S1-AP proxy mechanism and would be similar to the HeNB GW function. The S1-AP proxy operation would be transparent for the MME and the RN. That is, as seen from the MME it looks like as if the UE would be connected to the DeNB, while from the RN’s perspective it would look like as if the RN would be talking to the MME directly. Over the Un, S1-AP (one per UE served by the RN) is carried in new containers over RRC instead of over SCTP/IP as currently defined for S1 signalling. In order to mitigate the head of line blocking issue Alt 4 requires 2 SRB for transporting S1-AP/X2-AP messages over Un via RRC.
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