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1. Introduction
To obtain the initial synchronization of SCell TA Group, RA on SCell is the based solution in RAN2. For there are some special restriction on SCell, legacy RA procedure directly applied on SCell could not work well. To complete the procedure, last meeting we made some discussion and some agreements were achieved, but the issue on CC linkage of RA is still open. This contribution gives our consideration on this issue from the following three aspects:

1) Msg 1/2 CC linkage; 

2) Timing reference  linkage;
3) Pathloss reference linkage.
2. Discussion
2.1. Msg1/2 linkage
For RA on SCell, the UE shall be able to identify which serving cell the RAR shall be applied to. This is the key difference from the legacy RA design where the association of RAR and serving cell is not required.
With the restriction that UE cannot monitor PDCCH on SCell common search space (i.e. CSS), to linkage the RAR and the related RA SCell, there are four alternatives shown in Table-1. The SCell that preamble is transmitted on is referred to as the RA SCell.
Table-1
Msg2 Scheme Alternatives

	Alternative
	Msg2 PDCCH (i.e. PDCCH with RA-RNTI)
	Msg2 PDSCH (i.e. RAR)
	Linkage

	1
	RA SCell, 
CSS
	RA SCell
	Msg2 PDSCH&PDCCH: SIB2 linkage

Msg2 PDSCH&Msg1: SIB2 linkage

	2
	Scheduling Cell, 
USS (user search space)
	RA SCell
	Msg2 PDSCH&PDCCH: scheduling linkage
Msg2 PDSCH&Msg1: SIB2 linkage

	3
	PCell, 
CSS
	PCell
	Msg2 PDSCH&PDCCH: SIB2 linkage

Msg2 PDSCH&Msg1: new linkage

	4
	PCell, 
CSS
	PCell
	Msg2 PDSCH&PDCCH: SIB2 linkage
Msg2 PDSCH&Msg1: new linkage


In Alt 1, Msg2 PDCCH and PDSCH are both transmitted on RA SCell. In the example given in Figure-1, UE1&2 transmit preamble on the same PRACH resource on SCell-1 and SCell-2, and receive the related Msg2 PDCCH&PDSCH on the same cells. In this example, two PDCCH and two PDSCH are needed.
This scheme directly extends current RA procedure onto SCells and is applicable to both contention and non-contention based RA. On the other hand, it requires the common search space (CSS) is defined for SCells, which increases the number of PDCCH blind decodings for a UE.
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Figure-1 Msg2 transmission in Alt 1
In Alt 2, the scheduling scheme of Msg2 PDCCH and PDSCH follows the SCell’s scheduling linkage of UE dedicated transmission. UE monitors PDCCH with RA-RNTI in UE USS, and the Msg2 PDSCH is transmitted on RA SCell same as Rel-8. 
An example is given in Figure-2: UE1&2 are configured with same PCell, SCell-1 and SCell-2. UE1 is configured with PCell to schedule SCell-1, and UE2 is configured with SCell-2 to schedule SCell-1. After two UEs transmit preamble on the same PRACH resource (i.e. same RA-RNTI) on SCell-1, two UEs monitor their Msg2 PDCCH on their own USS on PCell and SCell-2 separately, and receive the same Msg2 PDSCH on the SCell-1. In this example, three PDCCH and one PDSCH are needed.
This scheme applies the current Msg2 PDSCH design. On the other hand, it requires the UE to monitor PDCCH with RA-RNTI in the USS, which would increase the PDCCH false alarm, and the PDCCH is only transmitted for only one UE not a UE group.
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Figure-2 Msg2 transmission in Alt 2
In Alt 3, Msg2 PDCCH&PDSCH are transmitted on the PCell. For the RA-RNTI is cell-specific and not cross cells, to distinguish the Msg2 PDCCH for PCell and other RA Cells, the RA Cell information should be carried in Msg2 PDCCH. 
An example is given in Figure-3:  UE1&2 are configured with same PCell, SCell-1 and SCell-2; after UE1&2 transmit the preamble on the same PRACH resource in the SCell-1 and SCell-2, UE1&2 monitor Msg2 PDCCH on PCell; if Msg2 PDCCH carries SCell-1 information, UE1would receive the indicated Msg2 PDSCH, and if SCell-2 information is carried, UE2 would process the PDSCH. In this example, two PDCCH and two PDSCH are needed.
This scheme applies the current Msg2 PDSCH design. On the other hand, the Msg2 PDCCH should include system-specific cell index, which would bring more PDCCH load on the PCell CSS, and need UE distinguish the different Msg2 PDCCH content.
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Figure-3 Msg2 transmission in Alt 3
In Alt 4, Msg2 PDCCH and PDSCH are both transmitted on PCell. There is no cell information carried on PDCCH. For the Msg2 MAC PDU transmitted on PCell could include more cells’ RAR, to distinguish the RAR for different cells, cell information should be included in the RAR.
An example is given in Figure-4: UE1&2 are configured with same PCell, SCell-1 and SCell-2; after UE1&2 transmit the preamble on the same PRACH resource in the SCell-1 and SCell-2, UE1&2 monitor Msg2 PDCCH with same RA-RNTI, and receive the corresponding Msg2 PDSCH on the PCell; UE1&2 parse the RAR in the new format and recognise their RARs from the preamble and the cell information carried in the Msg2 MAC PDU. In this example, one PDCCH and one PDSCH are needed.
This scheme applies the current Msg2 PDCCH design. On the other hand, Msg2 MAC PDU on PCell would include the SCell’s RAR and the RAR content should be changed to include new introduced system-specific cell index.
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Figure-4 Msg2 transmission in Alt 4

Based on above analysis on the alternatives, the comparisons are given in Table-2. It can be seen that the alternative 1&2&3 are mainly focus on Msg2 PDCCH enhancement, which is in RAN1 scope. In alternative 4, there is no change on PDCCH and no more PDCCH/PDSCH load brought, and it is a pure RAN2 approach. Hence, we propose RAN2 to consider the alternative 4 or other similar methods which is only focus on RAR as the base solution for RA on SCell.

Table-2
Comparisons on Msg2 Scheme Alternatives

	Alternative
	Advantage
	Disadvantage
	RAN 1&2 scope

	1
	Msg2 PDCCH&PDSCH transmission is backward compatible.
	1. UE needs to decode PDCCH with RA-RNTI in SCell CSS.
	RAN1

	2
	Msg2 PDSCH transmission is backward compatible.
	2. UE needs to be decode PDCCH with RA-RNTI in USS;

3. More PDCCH is needed.
	RAN1

	3
	Msg2 PDSCH transmission is backward compatible.
	1. The content of PDCCH with RA-RNTI is changed;
2. There would be more PDCCH load on PCell CSS;
3. System-specific cell index should be introduced.
	RAN1
RAN2

	4
	Msg2 PDCCH transmission is backward compatible.
	1. RAR MAC PDU is changed;

2. System-specific cell index should be introduced.
	RAN2


Proposal 1: For RA on SCell, it is proposed for RAN2 to consider Alternative 4 as the base solution: 

· Msg2 PDCCH and PDSCH are both transmitted on PCell;

· To distinguish the RAR from different cell, RA Cell’s information is carried in RAR.  

2.2. Timing Reference Linkage
In Rel-10, from the perspective of uplink transmission, UE’s downlink timing always locks on PCell. In multi-TA, for the downlink link timing difference on PCell and SCell would be very large (i.e. 31.3us [1]), if the UE transmits preamble on SCell based on PCell’s downlink timing, it would lead to the preamble out of the eNB’s detection window. For example, in preamble format 4 the CP length is 448Ts [2], eNB’s preamble detection window is about 15us, less than 31.3us. Hence, we propose the timing reference for SCell RA is the RA SCell downlink timing.

Proposal 2: The timing reference for SCell RA is the RA SCell itself’s downlink timing.
For RA procedure is used to obtain the absolute TA value and TAC MAC CE is only indicated the relative TA value, before the TA Group is out of sync, the timing reference cell should be kept on the RA SCell which is to get initial sync.
Proposal 3: Before TA Group is out of sync, the timing reference cell should be kept on the RA SCell which is used for initial sync.

2.3. Pathloss Reference
In current SCell configuration, the pathloss reference could be configured as SIB2-linked or PCell, and PCell configuration is used in order that the polluted SCell’s downlink channel would not impact the uplink transmission. The consideration is also applicable for the preamble transmission on SCell.

Proposal 4: The pathloss reference in SCell configuration should be applied on the preamble transmission on the SCell.
3. Conclusion
Section 2 gives our analysis on the CC linkage of SCell RA procedure, and our preferences are as below:

Proposal 1: For RA on SCell, it is proposed for RAN2 to consider Alternative 4 as the base solution: 

· Msg2 PDCCH and PDSCH are both transmitted on PCell;

· To distinguish the RAR from different cell, RA Cell’s information is carried in RAR.  

Proposal 2: The timing reference for SCell RA is the RA SCell itself’s downlink timing.

Proposal 3: Before TA Group is out of sync, the timing reference cell should be kept on the RA SCell which is used for initial sync.

Proposal 4: The pathloss reference in SCell configuration should be applied on the preamble transmission on the SCell.
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