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1. Introduction

RAN2 has received the response LS from RAN1 for the RACH procedure on SCell [1], which says

RAN1’s understanding is that monitoring the common search space of an SCell for Msg2 has some impact on the physical layer procedure, and some solutions discussed do not increase the total number of blind decodes and some solutions increase the total number of blind decodes. RAN1 would prefer not to increase the total number of blind decodes. RAN1 has not reached the consensus on the complexity to enable monitoring the common search space on SCell for Msg2 (even without increasing the number of blind decodes), because RAN1 has not performed trade-off analysis among different options taking into account the overall complexity in both RAN1 and RAN2.
From the LS, we can draw the conclusions that:

· Monitor the CSS on SCell has some impact on the PHY layer.

· RAN1 would prefer not to increase the total number of BDs. 

· Some solutions don’t increase the total number of BDs, while some solutions do. 

· No consensus has been reached in RAN1 on the complexity to enable monitoring the CSS on SCell for Msg2
From RAN2’s perspective, we need to take the overall complexity in both RAN1 and RAN2 into consideration to decide whether monitoring the CSS on SCell for Msg2 can be supported or not. In this contribution, we discuss this issue and our preference is indicated. 
2. Discussion

During previous RAN2 meeting, we agreed that cross carrier scheduling i.e. PDCCH for Msg2 on a different cell than Msg1 will be supported. Following three methods discussed currently can support such functionality.
b1) Msg2 PDCCH addressed to RA-RNTI (CSS) on the PCell
b2) Msg2 PDCCH is addressed to RA-RNTI (CSS) on a scheduling P/SCell of the SCell of Msg1
b3) Msg2 PDCCH is addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH
In the following sections, we will analyze the implementation complexity and standardization effort for each method. 
2.1 Method b1)

With method b1), when RACH procedure is triggered for the SCell, preamble is transmitted on the SCell while PDCCH addressed to RA-RNTI and Msg2 will be transmitted on a different cell, i.e. the PCell. Msg2 PDCCH addressed to RA-RNTI is located in the CSS on the PCell regardless of whether cross-carrier scheduling is configured or not. It will increase the PDCCH loading and blocking probability on PCell CSS. Since the PDCCH in PCell CSS is used for common signaling shared by a group of users, such as system information, paging, RAR as well as TPC, the increased blocking probability will impair the common signaling transmission. So the impact to the RRC function relying on PCell can’t be ignored. 
Method b1) has the benefit that monitoring CSS on SCell for Msg2 doesn’t need to be supported, and current RACH procedure specified in Rel-8/9/10 can be reused with relatively little modification. 
When two UEs transmit the same preamble with the same PRACH resource on different serving cells such as the PCell and the SCell, the legacy RAR can not differentiate the different RACH procedures for the different UEs. Two methods were proposed to distinguish the RAR for the RACH procedures performed on different cells. 
Option1）Extend RA-RNTI calculation as a function of the cell  index
Option 2) Extend the legacy RAR format with additional field for cell index
With Option 1), the RARs corresponding to different serving cells will not be multiplexed together in one MAC PDU. Therefore, they will be scheduled with separate PDCCHs, which will increase PDCCH blocking probability and PDCCH loading significantly on PCell CSS.  Furthermore, additional RNTIs need to be reserved for Msg2 PDCCH. Since the range of RA-RNTI is extended, it has some minor impact on CRC attachment when performing scrambling with the corresponding RNTI. 
With Opton 2), the RARs for different UEs can be multiplexed in one MAC PDU, which can be scheduled with one PDCCH. So it has less PDCCH loading on PCell CSS than Option 1). Since the legacy RAR would be extended to include the field for cell index, a new RAR format needs to be designed with less standardization effort. However, legacy UEs may have some problems when demultiplexing the MAC PDU for RAR, if the legacy RAR and the new RAR are multiplexed in the same MAC PDU. For example, two UEs i.e. a legacy UE and a Rel-11 UE transmit the same preamble with the same PRACH resource on the PCell and the SCell respectively. If the RAR for the two UEs are multiplexed in the same MAC PDU, the legacy UE can’t differentiate which RAR is intended for it since both the subheaders contain the corresponding preamble ID. In order to solve the issue, new behavior may need to be defined for Rel-11 UE with increased implementation complexity. 
2.2 Method b2)

With method b2), when RACH procedure is triggered for the SCell, preamble is transmitted on the SCell while PDCCH addressed to RA-RNTI and Msg2 will be transmitted on the scheduling serving cell. Msg2 PDCCH addressed to RA-RNTI is located in the CSS on the scheduling serving cell. If cross carrier scheduling is configured and PCell is the scheduling serving cell, Method b2) becomes the same as Method b1).  However, the PDCCH loading on PCell can be offloaded if cross-carrier scheduling is configured. So that the SCell having PDCCH region can be configured to cross-carrier schedule other SCell. Therefore, monitoring CSS on SCell for Msg2 needs to be supported in Method b2). It has the benefit that legacy RACH procedure can be reused with little modification and the PDCCH loading on PCell CSS can be offloaded. Furthermore, the reliability of PDCCH for common signaling such as system information and paging can be guaranteed. 
Monitoring the CSS of an SCell results in an increase of 6 or 12 BDs depending on whether UE monitors only DCI 1A or monitors both DCI 1A and 1C. Although RAN1 would prefer not to increase the total number of BDs, some solutions do exist which don’t increase the total number of BDs. For example, the increased BD number can be temporarily compensated through decreasing the BD number for monitoring USS on the SCell during the RACH procedure. Because the duration of RACH procedure is quite time limited, the impact of restricted scheduling due to the decreased number of BDs in USS on the SCell is not significant. 
With Method b2) the RAR ambiguity issue discussed for Method b1) still exist when cross carrier scheduling is configured. However, the RAR ambiguity issue doesn’t exist if cross carrier scheduling is not configured, since Msg2 PDCCH addressed to RA-RNTI and Msg2 will be transmitted on it own serving cell. Although no consensus has been reached whether contention based RACH procedure needs to be supported or not for multiple TA scenarios, it is possible to support contention based RACH in this special case. In this case, it is a straightforward way for eNB to have the freedom to trigger contention based RACH for lack of dedicated preamble. The contention based RACH procedure defined in Rel-10 can be duplicated on the SCell without any additional complexity. 
Proposal: If monitoring CSS on SCell is supported and cross carrier scheduling is not configured, contention based RACH can be triggered on the SCell. 

2.3 Method b3)
With approach b3), Msg2 PDCCHs corresponding to Scells are sent in the USS addressed to C-RNTI. It has the benefit that extra BDs in CSS on the SCell are not required. With this method, the RAR is changed from a common message to a dedicated message for the UE. A new MAC CE needs to be designed to carry the dedicated RAR. It violates the design principle of the legacy RACH procedure. A new UE behaviour searching for Msg2 PDCCH addressed to C-RNTI in USS needs to be defined. It will introduce different RAR reception behaviors for a UE when RACH procedure is performed on PCell and SCell. This will result in significant complexity in both eNB and UE. 
For each of the dedicated RAR, one PDCCH is required. Thus, more PDCCH overhead will be expected in the USS. The PDCCH overhead for scheduling Msg2 will be increased dramatically compared to Methd b2), especially when large number of UEs supporting multiple TA are served. 
With current RACH procedure, HARQ operation is not supported for RAR transmission. In method b3), the dedicated RAR is transmitted through a new type of MAC CE, and the HARQ operation will be performed. It seems that RACH procedure and HARQ operation are twisted together in method b3). How to deal with the contradiction also needs more standardization effort. 
One possible way is that HARQ operation for the dedicated RAR is not supported. Since no HARQ operation would be performed for the new MAC CE, some special handling would be defined. Furthermore, the new MAC CE can’t be multiplexed with other DL MAC SDUs. One PDCCH is used to schedule only one MAC CE with the length of 2 or 3 bytes depending on the detailed format. It is not an efficient way for PDCCH utilization compared to Method b2). 
Another possible way is that HARQ operation for the dedicated RAR is supported, same as other MAC CE. Since the MAC CE may not be received successfully in the first transmission, HARQ retransmission will be performed. It is possible that the RAR corresponding to the previous preamble attempt may be successfully decoded after the subsequent attempt has been tried. Thus, how to handle such misalignment needs further consideration. 
According to the analysis, the pros and cons for each method are summarized in Table 1.

Table 1 comparison of method b1), b2) and b3)

	
	b1)
	b2)
	b3)

	Pros
	1)No need to support CSS monitoring on SCell
2) Legacy RACH procedure can be reused with some modification

	1)Less standardization effort in RAN2
2) PDCCH loading on PCell CSS can be offloaded
3) Contention based RACH procedure can be supported
	1)No need to support CSS monitoring on SCell
2) PDCCH loading on PCell CSS can be offloaded

	Cons
	1) Increased PDCCH loading and blocking probability on PCell CSS
2) RAR ambiguous for different UEs 

3) Impair the common signaling transmission
	1) Some complexity in physical layer  to enable CSS monitoring on SCell
2) RAR ambiguous for different UEs 


	1) Large PDCCH overhead in USS
2) Inefficient PDCCH utilization 

3) Introduce different RAR reception behavior in RAN2

4) More standardization effort in RAN2



In our understanding, monitoring CSS on SCell for Msg2 can be supported by physical layer with reasonable complexity. We prefer not to increase the standardization effort in RAN2 to design the different behavior, i.e. dedicated RAR for RACH procedure performed on SCell. 
Proposal: Method b2) should be supported for RA procedure on SCell. 

3. Conclusions

Based on the above analysis in Section 2, we would propose that 
· Method b2) should be supported for RA procedure on SCell.
· If monitoring CSS on SCell is supported and cross carrier scheduling is not configured, contention based RACH can be triggered on the SCell.
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