Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #75bis
Tdoc R2- 115462
Zhuhai, China, October 10–14, 2011
Agenda Item:
07.01.1.2
Source: 
Ericsson, ST Ericsson 

Title:  
SCell Random Access
Document for:
Discussion, Decision
1 Introduction
This paper discusses how to obtain uplink synchronization of an SCell-only TA-group using the random access procedure. Performing random access on an SCell is analyzed both for contention free random access (CFRA) and for contention based random access (CBRA). This 
It is expected that uplink synchronization needs to be obtained for an activated SCell with configured uplink. 
2 Random access on an SCell
When performing random access on an SCell for achieving UL synchronization, the following approaches have been identified:
A. Performing Contention Free Random Access (CFRA) or Contention Based Random Access (CBRA) by using the Rel-8/9/10 RAR as MSG2 addressed to the RA-RNTI.
B. Performing Contention Free Random Access (CFRA) by using a dedicated MAC control element as MSG2 addressed to the C-RNTI. This approach is not suitable for CBRA.
Each approach is analyzed in detail with focus on the different ways that MSG2 can be scheduled.

2.1 Performing Random Access using CFRA or CBRA addressed to the RA-RNTI
Approach A is described in more detail in this chapter.
2.1.1 Need for CBRA?

The most common approach for PDCCH ordered RA on an SCell is assumed to be CFRA since this is a faster method than CBRA. However, if CBRA is also supported, it can be used as an alternative to CFRA if there is a lack of contention free preambles in a cell. Another reason for supporting CBRA is to keep the random access behaviour in line with the existing specification and leave it up to the eNB to decide whether CBRA is required or not.
CFRA has the disadvantage that preamble resources usually will be reserved for a longer time than in case of CBRA. This means that allocating preamble resources for CBRA is in general more efficient than using it for CFRA because the preambles can be reused more frequently with CBRA than with CFRA.
So unless there is a significant complexity to support CBRA we have a preference for supporting both CBRA and CFRA on SCells.

Proposal 1 CBRA on SCells should be supported.
2.1.2 Different alternatives for transmitting MSG2
Scheduling and sending MSG2 on different cells are compared in detail in the following table.

Table-1
Alternatives for location of Random Access MSG2 for SCell-X, using normal CFRA or CBRA. The preamble (MSG1) is assumed to be sent on SCell-X in all alternatives below.
	Alternative
	Msg2 PDCCH
	Msg2 PDSCH (RAR)
	Comments

	1
	RA-RNTI on SIB2-linked DL of SCell-X
	SIB2-linked DL of SCell-X
	CFRA/CBRA:

· Requires usage of CSS in SCells.

	2
	RA-RNTI always on PCell (independent on scheduling cell)
	SIB2-linked DL of SCell-X
	CFRA/CBRA:

· No need for extra CSS support, since already available on PCell.
· Problem of scheduling MSG2 on another cell than the preamble is sent on, see the detailed problem description below.

	3
	RA-RNTI on Scheduling serving cell of SCell-X. 
Note that this alternative includes alternative 1 for the case when the SCell is not cross-scheduled.
	SIB2-linked DL of SCell-X
	CFRA/CBRA:

· Requires usage of CSS in the scheduling cell.
· Problem of scheduling MSG2 on another cell than the preamble is sent on, see the detailed problem description below.

	4
	RA-RNTI always on PCell
	PCell
	CFRA/CBRA:
· No need for extra CSS support, since already available on PCell.
· Problem of scheduling MSG2 on another cell than the preamble is sent on, see the detailed problem description below.


For CFRA the alternatives 2 and 4, as well as alternative 3 in case of cross-scheduling, requires the MSG2 to be scheduled from another cell than SCell-X, and this means that the random access has to be coordinated in some way between two cells.

For CBRA the alternatives 2 and 4, as well as alternative 3 in case of cross-scheduling, causes an extra complication because of the need to send MSG2 on more than one cell, since the UE is not known when the preamble is received in the eNB.

Alternatives 1 and 3 would require introducing CSS on SCells, for the duration of the random access.
These aspects are further analyzed in more detail in the following subchapters.

2.1.3 CFRA when scheduling MSG2 on another cell than the cell on which the RA preamble was transmitted
For alternatives 2 and 4, as well as 3 in case of cross-scheduling, MSG2 is scheduled on another cell than the cell on which the preamble was sent, denoted here as SCell-X. This means that we have to consider the following cases:
· Alternatives 2 and 3:
A dedicated preamble is sent in MSG1 on the SCell-X. In Alternative 3 the associated MSG2 is scheduled from the PDCCH of the scheduling cell, and in alternative 2 MSG2 is scheduled from the PCell. In both alternatives the MSG2 itself is sent on the PDSCH of the SCell-X. This can be done in any of the following ways:
· Specify CIF scheduling for a RA-RNTI, and indicate for which cell the MSG2 will be sent on (SCell-X).
This is not backwards compatible with rel-10 terminals and also it introduces a complexity of CIF scheduling on the CSS.
· Introduce a special value range for RA-RNTI that indicates for which cell the MSG2 is scheduled for (SCell-X).
This approach has the problem of how to encode RA-RNTI with the cell index.
· Coordinate the usage of preamble resources between SCell-X and the scheduling cell or the PCell, since the preamble must be unique within both cells.
· Alternative 4:
A dedicated preamble is sent in MSG1 on SCell-X, and the associated MSG2 is scheduled and sent on the PCell. This can be done in any of the following ways:

· Introduce a special value range for RA-RNTI that indicates for which cell the MSG2 is scheduled for (SCell-X).
This approach has the problem of how to encode RA-RNTI with the cell index.

· Coordinate the usage of preamble resources between SCell-X and the PCell, since the preamble must be unique within both cells.

2.1.4 CBRA when scheduling MSG2 on another cell than the cell on which the RA preamble was transmitted
For alternatives 2 and 4, as well as 3 in case of cross-scheduling, there is a need to schedule MSG2 on another cell than the cell on which the preamble was sent, denoted here as SCell-X. When the UE uses a contention based preamble, the eNB would not know which UE this preamble is from. Thus the eNB would also not know whether the UE sending is using the cell as its PCell, or as an SCell. This means that the following would be required by the eNB:

· It is necessary to always transmit MSG2 on the SCell-X, and, in addition for the SCell sync case, MSG2 must potentially be scheduled on multiple cells.
· Specify means to indicate which cell the MSG2 is associated with.
2.1.5 Using CSS on an SCell

In Rel-8/9/10, the RAR message is addressed using RA-RNTI, which is only available in the common search space. In Rel-10 CSS is only supported for the PCell. Therefore, if we want to continue to address the RAR to the RA-RNTI and be able to transmit it on an SCell CSS would need to be supported also on SCells.

We believe that CSS support on SCells can be achieved by temporarily using parts of the dedicated search space in an SCell as common search space while the UE is performing random access on the SCell.
2.2 Performing Random Access using a dedicated MAC control element

Approach B is analyzed in more detail in this chapter.

In approach B random access is performed on an SCell using a PDCCH ordered random access with a dedicated preamble, and the MSG2 is then sent to the UE as a MSG2-specific MAC control element. A dedicated preamble is needed since the eNB must know the UE identity when it receives the preamble.  Hence the characteristics of a specific MAC CE for the MSG2 are:
· When a UE receives a PDCCH order for random access on an SCell, the UE will expect to receive a MSG2-specific MAC CE as MSG2.
· The MSG2-specific MAC control element is scheduled using the C-RNTI of the UE. It can be scheduled on any scheduling cell for the UE.

· The MSG2-specific MAC control element can be very similar in structure to the existing RAR, but needs to conform to the syntactical rules of a MAC control element and it needs its own LCID.

· Once the MSG2-specific MAC control element has been acknowledged with HARQ, the random access procedure is considered completed.

2.3 Comparing the different Alternatives
Overview of the different alternatives:

· Alternative 1, for both CBRA and CFRA:
· Requires that CSS is supported on the SCell where the preamble was sent.
· Apart from the above it uses the same procedure and message structure as a random access performed on the PCell for Rel-8/9/10, and also CBRA is supported without any extra complexity compared with CFRA.
· Alternative 2 and 4 for CFRA:

· MSG2 is scheduled on another cell than the SIB2-linked SCell where the preamble was sent. Hence, cross-scheduling needs to be done for the RA-RNTI, and this requires some special handling, as has been described earlier in this document.

· Alternative 3 for CFRA:

· MSG2 is scheduled on another cell than the SIB2-linked SCell where the preamble was sent. Hence, cross-scheduling needs to be done for the RA-RNTI, and this requires some special handling, as has been described earlier in this document.

· Requires that CSS is supported on the SCell where the preamble was sent.
· Alternative 2 and 4 for CBRA:

· Requires scheduling of MSG2 on potentially many cells, which causes inefficient usage of random access resources.
· Specify means to indicate which cell the MSG2 is associated with.

· Alternative 3 for CBRA:

· Requires scheduling of MSG2 on potentially many cells, which causes inefficient usage of random access resources.

· Specify means to indicate which cell the MSG2 is associated with.

· Requires that CSS is supported on the SCell where the preamble was sent.

· Alternative of using dedicated MAC control element:
· Requires an additional message format and special handling for Random Access Response.
· Introducing support for a new type of random access procedure will cause extra design cost and will require more verification cost.
Alternative 1 seems to have the largest commonality with Rel-8/9/10 procedures and behaviour, and will cause minimal impact on layer 2 and 3. Layer 1 impact is also limited assuming blind decodes for a CSS on SCell can be borrowed.
Alternative 2, 3 and 4 each introduces additional complexity in the system that if not needed should be avoided.

The alternative for a dedicated MAC control element introduces a new type of random access procedure that increases the complexity of the system.
In view of the above analysis we therefore propose alternative one:
Proposal 2 When performing random access on SCells, the Rel-8/9/10 RAR message shall be sent on the SIB2-linked DL cell of the UL cell where the preamble was sent.
3 Summary
Proposal 1: CBRA on SCells should be supported.
Proposal 2:  When performing random access on SCells, the Rel-8/9/10 RAR message shall be sent on the SIB2-linked DL cell of the UL cell where the preamble was sent.







5/5


