9

3GPP TSG-RAN WG2 Meeting #48




                                       R2-051912
London, UK, 29th Aug. - 2nd Sept. 2005
Source:
ETRI
Title:
Discussions on LTE protocol layering and channels
Agenda Item:
21.3
Document for:
Discussion

1. Introduction

This contribution provides discussions on LTE radio protocol layering and proposals for logical and transport channel mappings.
2. Discussion
Discussion is going with the format of doc. R2-051787.

---------------------------------------------------------(based on R2-051787)--------------------------------------------------------

5
Protocol architecture

5.1
Overall protocol architecture
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Figure 1: Radio Interface protocol architecture
· The radio interface is layered into three protocol layers:

· Network layer (L3): N-RRC;

· Data link layer (L2): MAC+, (PDCP);
· Physical layer (L1): physical layer for LTE.
N-RRC contains NodeB+ specific RRC functions.
MAC+ carries out conventional MAC functions, most of RLC functions, and possibly some RRC functions in 3GPP Rel. 6. The location of PDCP sublayer can be changed, since it has strong dependency on the other aspects such as the necessity and the performance of diversity combining in LTE (FFS). 
5.1.2
User plane

Note:
RLC is merged with MAC+, and BMC layer is replaced by MBMS. PDCP(+) should be located after considering the necessity of macro diversity.
The expected user plane protocol stacks are shown in Figures 2 and 3. From these figures, two different locations of PDCP sublayer are considered. The following characteristics are summarized in Table 1.
Table 1: Comparisons by PDCP(+) Locations
	
	Adv.
	Disadv.

	1. PDCP(+) in U- Plane Agent 
	· Inter-NodeB+ macro diversity can be supported.
	· PDCP-related (controlling) signalling overhead b/w NodeB+ and U-Plane Agent

· QoS handling schemes may be necessary in PDCP+ sublayer.

	2. PDCP in NodeB+
	· Less overhead b/w NodeB+ and U-Plane Agent

· Easy QoS handling in MAC+
	· Hard to support Inter-NodeB+ macro diversity

	3. Hybrid 
(PDCP sublayer in each node, the operation depends on connection or service types)  
	· Can compensate presented disadvantages in alternative 1 and 2
	· Complexity in controls and implementation


If a consensus is reached on ‘no macro diversity’, PDCP is preferred to be located in NodeB+.
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Figure 2: User Plane Protocol Stacks (PDCP+ in U-Plane Agent)
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Figure 3: User Plane Protocol Stacks (PDCP in NodeB+)
5.1.2
Control plane

Control plane protocol stacks are shown in Figure 4. N-RRC is located at NodeB+, and it is in charge of most radio resource management functions like a legacy RRC. It is possible to divide RRC+ into two functional parts, N-RRC (NodeB+ specific RRC) and C-RRC (Core network specific RRC). The exact functional separation relies on initiation/termination points of functions, which are splitted between RAN and CN. (FFS) 
[image: image4.emf]UE NodeB+

Control Plane 

Agent

(like a Old SGSN)

Physical Layer

MAC+

                                                  N -RRC

RANAP+

MM (Mobility Management)

SM (Session Management)

Core Network 

Protocol

Session related 

signaling

Mobility related 

signaling

Other CN 

entities

C-RRC

Network Lower Layer 

Protocol

RRC+


Figure 4: Control Plane Protocol Stacks
5.2
Layer 1

5.2.1
Services and functions

5.2.2
Transport channels

The transport channels are typically classified into two groups: 

· Common channels: identification is provided with EURA-level IDs; and
· Shared channels: identification is provided with cell-level scheduler IDs (handles by N-RRC). 
Under proposed states transitions and management in doc. R2-051913 (from ETRI), only UEs in Active_state can be provided with cell-level scheduler ID and can use shared transport channels. In order to use shared transport channels, all UEs in Idle_state (like a URA_PCH in Rel. 6) need to setup radio connections with NodeB+, and have to be allocated cell-level scheduler IDs.
If UEs in Idle_state want to send relatively short and sparsely-occurred messages, for example, such as SMS and EURA_Update, should UEs setup the radio connections for shared transport channels and release it later? 
If all traffics should be transmitted by shared transport channels, the scheduler has to give a scheduler IDs to unidentified (sometimes improper) UEs even before their authentication. 
In addition, it can increase the length of scheduler ID, in order to handle proper number of UEs in Active_state without frequent connection releases due to shortage of IDs.
In order to provide ‘communication paths’ to UEs in Idle_state without state transition, the use of CACH is proposed; It is a common transport channel, which can be utilized even without cell-level IDs.
Common transport channel types are:
· RACH (Random Access CH);
· CACH (Common Access CH): downlink (possibly, extended to uplink) common access channel, and on which these services are provided with EURA-level ID (or possibly NAS IDs);
· BCH (Broadcast CH);
· PCH (Paging CH);
, BCH, PCH and CACH are categorized into DCTrCH (Downlink Common Transport CH), and further investigation (with RAN1) on merging is necessary.
Shared transport channel types are:

· DSCH (Downlink Shared Channel);
· USCH (Uplink Shared Channel).
The expected mappings between logical and transport channels are presented in the next section.

5.3
Layer 2

5.3.1
MAC (MAC+)
5.3.1.1
MAC Services to upper layers

· Data transfer: includes the functions supporting reliable data transfer, such as legacy RLC functions.
· Allocation of radio resources (basically, configuration is done by N-RRC): Radio resource scheduling and priority handling are performed.
· Reporting of measurement: local measurement is reported, e.g., traffic volume measurement. However, channel quality information for radio resource scheduling may not be reported.
5.3.1.2
Logical channels and mappings with transport channels
Note:
MBMS-related channels (MCCH, MSCH, MTCH) are still FFS, and so further merging with non-MBMS logical channels is possible, accordingly.
The MAC+ layer provides data transfer services on logical channels. Like as in Release 6, each logical channel type is defined by what type of information is transferred.
A general classification of logical channels is into two groups:
· Control channels: for the transfer of control plane information;
· Traffic channels: for the transfer of user plane information.

Control logical channel types are:

· BCCH (Broadcast Control CH);
· PCCH (Paging Control CH);
· CCCH (Common Control CH);
· DCCH (Dedicated Control CH);
· MCCH (MBMS point-to-multipoint Control CH);
· MSCH (MBMS point-to-multipoint Scheduling CH).
Traffic logical channel types are:

· CTCH (Common Traffic CH): transfer of bi-directional common traffics;
· DTCH (Dedicated Traffic CH);
· MTCH (MBMS point-to-multipoint Traffic CH).
Expected channel mappings b/w logical and transport channels are following in Figure 5.
DCTrCH can be subject to being merged according to resource indexing method. In the case of MBMS, merging of MCCH and MSCH should be discussed, and there is also the possibility of using DCTrCH for MBMS control plane signalling. In addition, the merged logical channel of MCCH and MSCH can be replaced by CCCH.
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Figure 5: LTE Logical and Transport Channel Mappings
5.3.1.3
MAC functions

Expected MAC functions are summarized in Table 2.
In case of functional optimization of retransmission schemes, such as legacy ARQ and H-ARQ, operational optimization should be discussed. Basically, if lower ARQ (H-ARQ) guarantees the performance enough for reliable data transmission, upper ARQ (legacy RLC ARQ) seems to be not necessary. However, the retransmission PDUs can have different characteristics, for example, in their size, multiplexing (namely, per-connection, per-UE, per-resource unit). Therefore, the functional optimization of two retransmission schemes should be carefully investigated.
Table 2: MAC Functions
	
	Classification
	Functions
	

	1
	Data Transfer
	Mapping between logical channels and transport channels
	

	2
	
	Multiplexing/demultiplexing of upper layer PDUs into/from transport blocks delivered to/from the physical layer
	

	3
	
	Transfer of user data
	

	4
	
	In-sequence delivery (optionally supported, dependent on PDCP location)
	

	5
	
	Selection of appropriate Transport Format for each transport channels
	

	6
	
	Priority handling (from/to logical and transport channels)
	

	7
	
	Transport channel type switching
	

	8
	
	Segmentation and reassembly
	From legacy RLC

	9
	
	Concatenation
	

	10
	
	Padding
	

	11
	
	Flow control
	

	12
	
	SDU discard
	

	13
	
	Identifications of UEs on transport channels
	

	14
	Radio Resource Management
	Packet Scheduling (Allocation of common/shared radio resources)
	

	15
	Reliable Transfer
	ARQ (from legacy RLC)
	From legacy RLC

	16
	
	H-ARQ (with PHY)
	

	17
	
	Duplicate Detection
	

	18
	
	Sequence number check
	

	19
	
	Protocol error detection and recovery
	

	20
	Etc.
	Ciphering
	

	21
	
	Traffic volume measurement
	


5.3.2
RLC

Note:
RLC functions are abstracted, and then merged with MAC+.
5.3.3
PDCP

Note:
There is trade-off between the redundancy and the supportability of macro diversity according to the location of PDCP. The summarized comparison is presented in Table 1. 
Note:
If no macro diversity is required, PDCP is preferred to be located in NodeB+. 

5.3.4
Data flows through Layer 2
5.4
Layer 3

Note:
Proposed LTE states are presented in another contribution, R2-051913. The states can be first separated into Connected and Disconnected. And, Connected can be divided into Active_state and Idle_state. All UEs in Idle_state can try to get cell-specific scheduler ID from N-RRC (in NodeB+) by setting up RRC connections, and the state is transited to Active_state accordingly. In other words, only UEs in Active_state can use shared transport channels, and are tracked by cell-level.
RRC+ functions are summarized in Table 3.
Table 3: RRC+ Functions
	
	Functions
	

	1
	Broadcast of system information
	

	2
	Establishment, re-establishment, maintenance and release of an RRC connection
	

	3
	Assignment, reconfiguration and release of radio resources for the RRC connection (with MAC+)
	

	4
	Configuration of scheduling: uplink and downlink
	

	5
	Scheduler ID management
	

	6
	State management
	

	7
	Control of requested QoS (with MAC+)
	

	8
	Paging/Notification
	

	9
	UE measurement reporting and control of the reporting
	

	10
	RRC connection mobility functions
	

	11
	Configuration of ciphering
	

	12
	Integrity protection
	

	13
	MBMS related functions
: MBMS resource allocation
	FFS

	14
	Routing of NAS (or CN Controlling Node) Layer Messages or Interpretation of the messages
	


5.5
Protocol termination

-----------------------------------------------------------------------------------------------------------------------------------------------
3. Conclusions
· Discussion on macro diversity is going on in RAN1. If there is no critical gain of macro diversity, PDCP is preferred to be located at NodeB+.
· In order to support data transmission in Idle_state, the use of a common transport channel, on which identification is provided without cell-level scheduler IDs, CACH is proposed.
· The functional optimization of two retransmission schemes, ARQ and H-ARQ, should be carefully investigated, since the object of retransmission can be different in terms of their size, multiplexed information (e.g., per-connection, per-UE, per-resource unit).
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