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1. Introduction

An agreed objective of the Rel-11 carrier aggregation work item is the support of multiple timing advance commands for UL CA [1]. The motivation for multiple timing advance commands arises in scenarios where UL timing synchronization for secondary cells (SCells) is sufficiently different from the timing synchronization on the primary cell (PCell). Examples of such scenarios include simultaneous UL transmission to remote radio heads (RRH) and repeaters as illustrated in Annex J of [2]. RAN2 has defined a timing advance group (TAG), wherein a set of serving cells with similar timing alignment requirements are grouped together. There is one random access (RA) procedure and one time alignment timer per TAG. A few relevant agreements from the past three RAN2 meetings include:

· The eNB may initiate the RA procedure via a PDCCH order for an activated SCell. This PDCCH order is sent on the scheduling cell of this SCell. At least non-contention based RA procedure will be supported. FFS if contention based RA procedure is also supported.

· The UE does not initiate a RA procedure on a SCell in case of new UL data. 

· PDCCH for Msg2 on a different cell than Msg1 will be supported (cross carrier scheduling)
· It is left up to UE implementation which ordered or UE initiated RA to prioritize.
Some unresolved questions include which serving cell to signal Msg2 transmission, and which serving cell carries the Msg2 itself. Consequently, RAN2 sent a LS to RAN1 [3] regarding the UE complexity in the case of additional blind decodes when monitoring the common search space (CSS) of a SCell for a PDCCH indicating Msg2. This contribution studies this issue as well as several other aspects related to RA procedure on a SCell. We also propose a reply to the RAN2 LS.
2. Discussion
A Rel-10 UE configured for CA monitors the common search space (CSS) only on the PCell. In legacy (Rel-8/9/10) systems, the network may initiate a non-contention based RA procedure via a PDCCH order using DCI format 1A. The UE transmits a RA preamble according to the detected PDCCH order and monitors the CSS for a PDCCH indicating the corresponding random access response (RAR). This PDCCH indicating the RAR is signalled by either DCI format 1A or 1C with the CRC scrambled by the RA-RNTI. 

Per RAN2 agreement, the eNB initiates a non-contention based RA procedure on a SCell using a PDCCH order on the scheduling cell for this SCell. If the legacy RA procedure is followed, the UE monitors the CSS of the scheduling cell for a PDCCH indicating Msg2. Possible signalling solutions for Msg2 can be categorized under self-scheduling (PDCCH indicating DL/UL transmission is transmitted on the same cell) or cross-scheduling (PDCCH indicating DL/UL transmission is transmitted on a different serving cell) options.
Option 1: Monitoring CSS on a SCell

When the SCell is self-scheduled or cross-scheduled from a different SCell:

· The number of blind decodes increases by 12 if both DCI formats 1A and 1C are monitored in the CSS of the scheduling cell.
· In our view an increase of 6 (UE monitors either 1A or 1C) or 12 blind decodes should not significantly increase UE decoding complexity. 
· On the other hand CSS monitoring on the SCell brings up other system issues such as:

· It is not clear whether CSS monitoring on a SCell is specified as a UE capability. If it is a UE capability then the network has to support two modes of operation when multiple TAGs are configured. 
· Another aspect is whether to allow group power control commands indicated by DCI formats 3/3A in the SCell.

Option 2: Monitoring CSS on the PCell

If the SCell is scheduled from the PCell:

· There is no increase in the number of blind decodes.

· However, there is an increase in the loading on the CSS of the PCell, which may result in increased blocking probability. This is undesirable as the CSS has limited capacity (only 16 CCEs).
· The PDCCH transmitted in the CSS of the PCell must also indicate the SCell index since the current RA-RNTI resource allocation is only a function of the time-frequency resource on which the PRACH preamble was transmitted.

· Furthermore, there is the possibility of RA-RNTI collision between independent PRACH transmissions by different UEs on the PCell and the SCell.

Option 3: Msg2 indication using the UE-specific search space (USS)

This option transmits the PDCCH indicating Msg2 using only DCI Format 1A with CRC scrambled by the C-RNTI in the UE specific search space (USS). In Rel-8 the RAR is indicated by DCI formats 1A/1C in the CSS partly because multiple RA responses can be conveyed in the same PDSCH assignment (scheduled by a PDCCH with CRC masked by the RA-RNTI). Therefore, if the PDCCH scheduling the RAR is transmitted in the USS, multiple PDCCHs are required, one for each UE in a RA procedure on the SCell. This could significantly increase PDCCH loading. On the other hand it is not considered a limiting factor for several reasons
1) The main use case for contention-based RA is for initial access, loss of UL synchronization or reconnection after a radio link failure. For timing alignment of the SCell this is not strictly necessary because the UE maintains an RRC connection to, and performs radio link monitoring (RLM) on, the PCell. Thus, non-contention based RA should be sufficient.
2) Implementation: for non-contention based RA the eNB can schedule only a few UEs for PRACH transmission at any time depending on the PDCCH loading on the SCell. 

Note that with this scheme Msg2 indication is sent on the scheduling cell for this SCell. The RAR can be transmitted in a MAC PDU carried in a PDSCH for the SIB2-linked DL SCell. 
Option 3a: RA procedure using the e-PDCCH

The e-PDCCH can be used to signal Msg2 transmission for an UL SCell that is SIB2-linked to the DL SCell configured with the e-PDCCH. Although this approach avoids the limitations of the other solutions, it only addresses one use case – when the e-PDCCH is configured for a UE on a SCell. 
It can be seen that Option 3a is a special case of Option 3 since Msg2 indication is sent in the USS (PDCCH or e-PDCCH). Although we do not see an increase in blind decodes as a significant issue for a Rel-11 UE, the number of blind decodes should not be increased only to support multiple RA procedures especially when other solutions exist. Therefore our initial preference is:

Proposal: 

· No increase in blind decodes for the sole purpose of supporting RA procedure on a SCell.

· Consider Msg2 indication in the UE-specific search space of the scheduling cell.

2.1. Other aspects of RA procedure on a SCell
Aperiodic CSI reporting in RAR

For Rel-8/9/10 systems the eNB sends a 20-bit UL grant in the RAR corresponding to a detected RA preamble transmission. A 1-bit CSI request field is present in the UL grant for triggering an aperiodic CSI report for the PCell for a non-contention based RA procedure, whereas this bit is reserved for contention-based RA. When the RAR is transmitted in response to a RA preamble transmission on a SCell, two possible options for the CSI field in the UL grant are: 

Option 1: The 1-bit CSI field is used for aperiodic CSI reporting for the SCell configured for the RA procedure. A “1” indicates that the UE shall transmit an aperiodic CSI report for the SCell i.e. the procedure outlined in Sec. 6.2 of 36.213 for non-contention based RA is followed. In the case of cross carrier scheduling the 1-bit CSI field refers to aperiodic CSI reporting for the SCell where the PRACH preamble was transmitted.

Option 2: The 1-bit CSI field is reserved when a UE detects a RAR corresponding to RA preamble transmission on a SCell.
Our preference is for Option 1 since there is minimal impact to the existing specifications.
Simultaneous RA on multiple SCells

In the case of simultaneous RA procedures (eNB-ordered and UE-initiated) RAN2 agreed that it is up to a UE implementation which RA procedure to prioritize. For this discussion we shall assume that the eNB does not initiate multiple RA procedures at the same time and that the UE cannot initiate RA on a SCell. It may be desirable to specify UE behavior in the case of a transmit power limitation for the following cases:

1) Case 1: PUCCH on PCell, eNB-initiated PRACH transmission on SCell

2) Case 2: UE-initiated PRACH transmission on PCell, eNB-initiated PRACH transmission on SCell

For Case 1 the same Rel-10 priority should be followed, i.e. PUCCH takes priority. For Case 2 it may be preferable that eNB-initiated PRACH transmission is prioritized over UE-initiated PRACH transmission. Alternatively, equal scaling can be applied to each UL transmission similarly to Rel-11 power scaling.  
3. Conclusion

This contribution addressed the specification impact of the RA procedure on a SCell. In reply to the RAN2 LS our conclusion is as follows:
· The common search space of a SCell can be monitored with reasonable complexity in terms of the number of number of blind decodes.

· However, as other methods are available for transmitting the RAR it is preferable to maintain the Rel-10 principle of not monitoring the common search space of a SCell.

· Therefore, there should be no increase in blind decodes for the sole purpose of supporting RA procedure on a SCell.
For other aspects regarding RA procedure on a SCell,
· Consider Msg2 indication in the UE-specific search space of the scheduling cell.
· UL grant in RAR for non-contention based RA of SCell can trigger aperiodic CSI reporting for the SCell.
· Consider priority rule in the case of transmit power limitation for simultaneous RA procedures on the PCell and SCell.
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