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1. Introduction

RAN1 and RAN2 have previously discussed the support of multiple RA procedures – including multiple timing advance commands – for Rel-11 CA. Specifically, serving cells are grouped into timing advance groups (TAGs), and the UL timing for each TAG is derived from the TA command corresponding to an eNB-initiated RA procedure on one serving cell in the TAG.  In reply to a RAN2 LS regarding the feasibility of monitoring the common search space (CSS) of a SCell for a random access response (RAR), RAN1 expressed a preference not to increase the total number of blind decodes [1]. Several contributions at RAN1 #67 had studied possible solutions to RAR monitoring on the CSS (see e.g. [2], [3]) but no solution was agreed.  This contribution analyzes the proposed solutions both from standardization and implementation perspectives. Furthermore, we consider some other physical layer aspects related to monitoring for the RAR on a SCell. 
2. Discussion
Based on contributions and discussions held at RAN1 #67, possible signalling solutions for the RAR (Msg2), corresponding to a PRACH transmission on a SCell, can be categorized as either self-scheduled (PDCCH indicating RAR for the SCell is transmitted on the same SCell) or cross-scheduled (PDCCH indicating RAR for the SCell is transmitted on a different configured serving cell).  
2.1. Self-scheduled RAR
The simplest option, in terms of standardization, is to monitor for PDCCH indicating the RAR in the CSS of the same SCell. This, however, increases the number of blind decodes by 12 if both DCI formats 1A and 1C are monitored. Given the general RAN1 preference not to increase the total number of blind decodes, it was proposed in [3] that some blind decodes may be temporarily shifted from the USS to the CSS when monitoring for the RAR. 
There are 16 search space candidates in the USS comprising (6, 6, 2, 2) candidates of (1, 2, 4, 8)-CCE aggregation levels respectively. By shifting the 4- and 8-CCE candidates over to the CSS the number of blind decodes in the CSS = 4 (candidates) * 2 (1A vs. 1C) = 8 compared to 12 blind decodes for the CSS in the PCell. 

Observation: temporary transfer of blind decodes from the USS to the CSS during the RA procedure temporarily reduces the number of search space candidates in both the CSS and USS – equivalently an increased blocking probability. 
In some cases it is possible to monitor the CSS of the SCell without shifting candidates from the USS and without an overall increase in blind decodes. First we note that for a SCell, non-contention based RA is initiated by the eNB when the UE is not UL synchronized. In this case it can be assumed that there is no UL transmission apart from PRACH on the SCell. Therefore, a Rel-11 UE that is configured for spatial multiplexing does not need to monitor for DCI format 4 in the USS during the RA procedure. Hence, the total number of blind decodes on the SCell is: 12 (CSS) + 16 * 2 (USS) = 44 (similar to a Rel-8 UE), compared to 48 blind decodes when a Rel-10 UE is configured for spatial multiplexing on a SCell. Therefore, for a UE that support UL MIMO the total number of blind decoding operations is not increased. 
Proposal:

· If a Rel-11 UE is triggered for PRACH transmission on a SCell it subsequently monitors the CSS on the same SCell for a PDCCH indicating the RAR based on four and two search space candidates of 4-CCE and 8-CCE aggregation levels respectively.

· In addition if the UE is configured for spatial multiplexing on the SCell, the UE is not expected to monitor for PDCCH conveying DCI format 4 in the USS during the RA procedure.

Msg2 indication in the USS of the same SCell
A different option is to transmit the PDCCH indicating RAR in the USS using only DCI Format 1A with CRC masked by the C-RNTI. This option has the advantage of maintaining the same total number of blind decodes as in Rel-10. Since the signalling is UE-specific compared to the group nature of the RAR in Rel-8, it may require specification of a new dedicated RAR MAC PDU. Furthermore, multiple PDCCHs are required when multiple UEs simultaneously undergo RA procedures on a SCell. However, this is not seen as a limiting factor on the PDCCH capacity because not many UEs would be simultaneously triggered for RA on a SCell.  

2.2. Cross-scheduled RAR
The PDCCH indicating the RAR for the SCell can be transmitted on a different serving cell. There are two possibilities: PDCCH indicating RAR is either transmitted in the CSS of the PCell or it is transmitted in the USS of the scheduling cell. The latter scheme is similar to self-scheduled RAR in the USS of the RA-SCell with the exception that a CIF field is required in the DCI payload. In contrast, when PDCCH indicating RAR for a SCell is transmitted in the CSS of the PCell
· Blocking probability increases given the limited capacity (only 16 CCEs).
· RA-RNTI resource allocation must include a SCell indication in addition to the time-frequency resource on which the PRACH preamble was transmitted. This leads to the possibility of RA-RNTI collision between independent PRACH transmissions by different UEs on the PCell and the SCell.

Proposal: Consider transmitting PDCCH indicating RAR for a SCell in the USS of the scheduling cell.
2.3. 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. If cross carrier scheduling of the RAR is supported, 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 PRACH transmission on a SCell.

Our preference is for Option 1 since there is minimal impact to the existing specifications.

2.4. Group power control
During Rel-10 standardization it was discussed at length in RAN1 whether to support group power control commands using DCI formats 3/3A for a SCell. It was observed that in Rel-8/9 the main use case for TPC-PUSCH/PUCCH commands in DCI formats 3/3A is to support SPS transmission. Consequently, once it was agreed in RAN2 not to support SPS on a SCell, it naturally followed that cross-cell signalling of TPC-PUSCH commands was not really necessary in Rel-10. 

Now if a Rel-11 UE monitors the CSS on a SCell during a RA procedure, it follows that it is also possible for the eNB to signal TPC-PUSCH commands in DCI formats 3/3A. Given that the duration of the RA procedure is short, the benefits of such signalling, if any, are negligible at best. Therefore, to simplify implementation we believe the UE should not expect DCI formats 3/3A in the CSS of a SCell.

Proposal: if a UE is configured to monitor the CSS of a SCell for a PDCCH indicating a RAR for the same SCell the UE is not expected to receive TPC commands conveyed in DCI formats 3/3A during the RA procedure.
3. Conclusion

This contribution addressed several physical layer aspects related to monitoring for the random access response corresponding to a PRACH transmission on a SCell. Our recommendations are:
· If a Rel-11 UE is triggered for PRACH transmission on a SCell it subsequently monitors the CSS on the same SCell for a PDCCH indicating the RAR based on four and two search space candidates of 4-CCE and 8-CCE aggregation levels respectively.

· In addition if the UE is configured for spatial multiplexing on the SCell, the UE is not expected to monitor for PDCCH conveying DCI format 4 in the USS during the RA procedure.

· Alternatively consider transmitting PDCCH indicating RAR in the UE-specific search space of the scheduling cell.
· The 1-bit CSI field in the UL grant contained in the RAR is used for aperiodic CSI reporting for the SCell configured for random access. 
· If a UE is configured to monitor the CSS of a SCell for a PDCCH indicating a RAR for the same SCell the UE is not expected to receive TPC commands conveyed in DCI formats 3/3A during the RA procedure.
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