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1. Introduction 
In Rel-11 CA, multiple timing advances will be supported for CA deployment scenarios with RRH or a frequency selective repeater and RAN2 has been discussing PRACH transmission on an SCell to enable the eNB to detect the different timing in the SCell. One remaining issue is how to transmit random access response(RAR) for timing advance in the SCell because the UE does not monitor the common search space of SCell in Rel-10 CA. Since this issue is quite related to the physical layer, RAN2 sent LS to RAN1 asking the following question. [1]

“RAN2 kindly asks RAN1 if it would be possible to support the following with reasonable complexity: monitoring the common search space of an SCell (assumed defined) for Msg2 during the RA procedure with respect to the number of blind decodes.”
In this document, to answer RAN2’s question, we discuss from  complexity perspective the issues to see whether  it is beneficial to allow the UE to monitor the common search space of the SCell. 
2. Discussion

In LTE Rel-10, the UE operation monitoring of PDCCH is different in separate scheduling and cross carrier scheduling. In separate scheduling, the UE monitors search space in own cell, while in cross carrier scheduling the UE monitors search space in the different scheduling cell and would not receive the control region in the own cell. Therefore, the impact from monitoring common search space could be different. 
2.1. Separate scheduling

In case of separate scheduling, it would be possible to allow the UE monitor the common search space because the UE receives the control region for the UE specific search space in the own cell. 
However, the main problem is the number of blind decodings. In LTE Rel-10, the number of blind decoding is defined as 44 + 32 x N_ SCC + 16 x N_ULM_CC, where N_SCC is the number of Scells and N_ULM_CC is the number of UL cells supporting UL MIMO. Since the UE monitors the common search space in the Pcell only, the number of blind decodings is 44 for the Pcell only. 

If the UE monitors the common search space of the SCell, the number of blind decodings will be increased accordingly. For example, the total number of blind decodings would be 44 + 32 x N_ SCC + 12 x N_ SCellTAG + 16 x N_ULM_CC. N_SCellTAG is the number of TAGs not including Pcell. Please note that there is no limitation on the number of timing advance group(TAG) for Scells, and hence, it is possible to support 4 TAGs for SCells which means all Scells have own TAG and perform PRACH procedure. 
Figure 1 shows the number of blind decodings when the UE has to monitor the common search space in the SCell. It is assumed that the UE monitors the common search space only when RAR is possibly transmitted because the UE should not receive common signaling such as SIB or paging in the SCell in Rel-10 CA. When the SCell is activated, the UE monitors the UE specific search space to receive PDCCH for DL assignment or PDCCH order assigning the random access preamble for the SCell procedures. At this time, the number of blind decode in the UE specific search space is 32 if UL MIMO is not configured or 48 if UL MIMO is configured. If the UE receives PDCCH order, the UE transmits the random access preamble in the SCell. Once RAR window is started, the UE starts to monitor common search space in addition to the UE specific search space in the SCell to check if RAR is transmitted. As the UE monitors both, the total number of possible blind decodes in this phase is increased as 44 or 60 if UL MIMO is configured.  
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Figure 1 : examples of the period for monitoring

If the number of SCells requiring the different TA from the PCell is only one, the impact on the UE complexity is not so high but if the number of SCells requiring the different TA from the PCell is larger to support the large number of multiple TAs, the impact may not be negligible. In addition, given that the RAR window is relatively quite short compared to the normal connection, it would be not efficient to increase the maximum number of blind decodings for RAR reception only. To keep the same number of blind decodings regardless of RAR reception, the number of PDCCH candidates in UE specific search space can be reduced partially. For example, the number of blind decodes in UE specific search space can be temporarily reduced to 20. In this case, the total number of blind decodes including both UE specific search space and common search space becomes 32. The restriction of PDCCH candidates in the UE specific search space would not affect the scheduling of PDSCH or PUSCH in the SCell given that PUSCH cannot be scheduled before timing synchronization and the high date rate of PDSCH is not likely to be scheduled due to the limited feedback in the beginning of SCell activation.

Observation 1: In separate scheduling, if the UE monitors the common search space of own cell, the number of blind decoding will be increased with respect to the number of TAGs for SCells without any efforts  of blind decoding reduction. However, it is not desirable to increase the number of blind decodings because the PDCCH monitoring on CSS is performed during a short period, i.e. RAR window. 

2.2. Cross carrier scheduling
In LTE Rel-10, cross carrier scheduling is supported for the purpose of inter-cell interference coordination in HetNet. When a serving cell experiences the high interference, PDCCH of the cell is transmitted on another cell which is affected by the smaller interference. The UE would not need to monitor the control region of own cell for PDCCH reception. Furthermore, the starting position of PDSCH is also semi-statically signaled. Consequently, it is not necessary for the UE to receive the whole control region of own cell if the scheduling cell of this cell is configured as another cell. 
Based on this observation, if the UE is allowed to monitor the common search space of the SCell transmitting the preamble, it will increase the UE complexity because the UE needs to receive the control region in the cell which is not a scheduling cell. In addition, although the UE is able to receive the control region, it would be hard to decode PDCCH correctly because the high interference in HetNet. 

Alternatively, as applied for the UE specific search space, the UE could monitor the common search space of the scheduling cell to receive PDCCH of RAR for SCell transmitting preamble. However, this approach has some issues . First, since the number of PDCCH candidates is limited in the common search space, transmitting PDCCH of RAR for other cells would increase the blocking probability. Secondly, ambiguity can happen if the same RA-RNTI is used. RA-RNTI is generated with the index of time and frequency resource of PRACH. If the same PRACH frequency and time resource is allocated to multiple cells, they would lead to  the same RA-RNTI and there is no way for the UE to distinguish them. Furthermore  if RAPID of multiple UEs transmitting the preamble in the different cells happen to be same, the UE could receive the wrong TA targeting to a  different UE. 
Observation 2: in cross carrier scheduling, if the UE monitors the common search space of own cell which is different from the scheduling cell, it will increase the UE complexity and cannot guarantee the performance of PDCCH reception. If the UE monitors the common search space of the scheduling cell, the blocking probability in the common search space would be increased and the RA-RNTI ambiguity issue would need to be resolved. 

3. Conclusions
In this document, we discuss the complexity issue if the UE is allowed to monitor the common search space of the SCell. We would like RAN1 to consider following observations in replying LS to RAN2. 

- Observation 1: in separate scheduling, if the UE monitors the common search space of own cell, the number of blind decoding will be increased with respect to the number of TAGs for SCells without any effort  on  blind decodings reduction. It is not desirable to increase the number of blind decodings because the PDCCH monitoring in CSS is performed during a short period, i.e. RAR window. 

- Observation 2: in cross carrier scheduling, if the UE monitors the common search space of own cell which is different from the scheduling cell, it will increase the UE complexity and cannot guarantee the performance of PDCCH reception. If the UE monitors the common search space of the scheduling cell, the blocking probability in the common search space would be increased and the RA-RNTI ambiguity issue would need to be resolved. 
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