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1
Introduction
At the RAN2 #75bis meeting it was agreed to support PDCCH for RACH Msg2 on a different cell than Msg1 (using cross carrier scheduling) in Release 11. An LS was sent to RAN1 to ask their opinions with respect to the number of blind decodes to support the common search space monitoring on an SCell for Msg2 [1]. RAN1 provided a reply LS in [2]. In this contribution, we provide some views on the open issues including Msg2 location for SCell RA and CBRA supporting. 

2
Discussion 
The RAN1 response LS in [2] indicates that the solutions that potentially increase the total blind decoding numbers should not be preferred due to additional complexity:

“RAN1’s understanding is that monitoring the common search space of an SCell for Msg2 has some impact on the physical layer procedure. RAN1 would prefer not to increase the total number of blind decodes.” 
However, RAN1 has not reached the consensus on the complexity associated with monitoring the common search space (CSS) on SCell for Msg2 (even without increasing the number of blind decodes). In addition, RAN1 has not performed trade-off analysis among different options taking into account the overall complexity in both RAN1 and RAN2. Based on above preferences of RAN1, further discussion is still needed at RAN2 to reach the final decision on Msg2 location. 
2.1 Msg2 PDCCH location for SCell RA
Currently, three options of PDCCH location for SCell RA are under discussion in RAN2 to support the functionality of PDCCH transmission of Msg2 on different cell than Msg1: 
b1) Msg2 PDCCH addressed to RA-RNTI (CSS) on the PCell

b2) Msg2 PDCCH addressed to RA-RNTI (CSS) on a scheduling P/SCell of the SCell of Msg1

b3) Msg2 PDCCH addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH
Among the three options, Option b1 is the most natural and straightforward way to support RA procedure on the SCell by reusing the existing RA procedure of Release 10. A claimed issue is that more loading and subsequently severe blocking probability may be introduced on the CSS of PCell since Msg2 PDCCH is always transmitted on PCell regardless of whether cross-carrier scheduling is needed or not. However, this will not be the case in practice as we agreed that UE does not need to support two RA procedures in parallel, therefore PDCCH load for RACH is clearly the same as for Release 10. Furthermore, it was agreed that the UE does not initiate a RA procedure on a SCell in case of new UL data arrival. This implies that eNB can easily handle the coordination by ensuring that other DCIs in CSS of PCell has higher priority than SCell RACH and only allocates preambles for SCells when resources in CSS of PCell are available. If random access resources for an SCell are not available, indicating high load in the system, it will be probably be advantageous to delay performing the random access on an SCell. 
With Option b2, additional complexity of blind decoding (BD) of RA-RNTI in the CSS of a SCell would be introduced. At RAN1 #67 meeting, this issue was discussed, where it was confirmed that RAN1 would prefer not to increase the total number of blind decodes in Release 11 and that the proposal with extra BD of RA-RNTI in the CSS of a SCell while still following the USS BD principle of Release 10 for the sole purpose of supporting RA procedure on a SCell is not preferred. This is because such approach would increase the number of blind decodes by 6 (monitor DCI format 1A only) or 12 (monitor both DCI format 1A and 1C) leading to additional UE implementation complexity. Some optimized solution, exemplified as reducing the size of USS for SCell when the UE needs to monitor the CSS of an SCell for Msg2 [5], is possible. However, this option is not preferable given it will introduce unnecessary complexity into the system and more standardization effort is needed. In addition, current RAN1 specifications assume a single common search space in various sections and hence there will be non-trivial RAN1 specification impact if such a feature is introduced.
With Option b3, PDCCH is transmitted indicating Msg2 using only DCI Format 1A with CRC scrambled by the C-RNTI in the UE specific search space (USS) and no constraint on the RAR location. In our opinion, adding a new dedicated Msg2 message for the sole purpose of supporting RA procedure on a SCell does not make sense because of: 

· PDCCH efficiency: 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. Apparently, this could significantly increase PDCCH loading. 
· Specification impacts and Implement/testing aspects: For this solution, not only the Msg2 PDCCH is no longer addressed to RA-RNTI, a new type of MAC CE to carry Msg2 is also needed. It is a significant departure in design from the Rel-8/9/10 RACH procedure. The complexity in the UE and eNB will increase for the same functionality with already existing messages. Obviously, this requires largest change in the specification and substantial implementation/testing cost. 
Table 1: Summary of Attributes of Msg2 PDCCH Options
	
	Possible Blind Decoding increasing
	PDCCH efficiency
	Specification impact
	Implement and testing effort
	Possible CBRA supporting

	Option b1
	No
	Same
	Small
	Small
	Yes

	Option b2
	Yes
	Same
	Larger
	Small
	Yes

	Option b3
	No
	Worse
	Larger
	Larger
	No


Table 1 summarizes the properties of the above options and their their advantages and disadvantages.  Based on this analysis, Option b1 seems to be best choice from simplicity, PDCCH efficiency, specification impacts and implementation/ testing efforts points of view. 
Proposal 1:  Adopt Msg2 PDCCH addressed to RA-RNTI on the CSS of PCell for SCell RACH operation. 
One potential issue related to Option b1 could be the ambiguity of which UE the Msg2 PDCCH is intended for when the PDCCH of Msg2 for more than one cell is transmitted in PCell. This ambiguity is possible, since the same RACH resources may be used by two UEs for preamble transmission on two different Cells. Two solutions have been identified: 
· Alt.1: to encode the RA-RNTI by involving Cell Index in its generating equation [2, 4]. 
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is the index of the Cell RACH being performed on. 
· Alt.2: Define RAR message with Cell index information inside. [4]
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Figure 1: RAR MAC PDU revised with Cell index information

With Alt.1, ten (FDD) or six (TDD) extra RA-RNTI values need to be reserved per SCell. Considering the currently available RA-RNTI resources of LTE system, this overhead and its impact on the system performance are insignificant. Most importantly, for both Alt.1 and Alt.2, the total number of blind decodes is not increased and they are PDCCH-efficient scheme since it is possible to schedule RAR of different UEs in the same SCell with single PDCCH. However, there is backward compatibility issue on multiplexing/de-multiplexing of the CA configured UEs and legacy UEs in one RAR message aspect for Alt.2 due to the discrepancy on RAR format since the reserved bit ‘R’ of RAR MAC PDU is not mandated to be read for legacy UEs and thus may incorrectly consider a RAR to be intended for itself, when in effect it is intended for another UE that has sent the preamble in another cell. We agree that the coordination to ensure the preamble resources will be required either between the UE performing a random access on its PCell or UE the performing random access on one of its SCells could solve this issue [11]. However, this would result in additional complexity for CFRA scheduling of eNB, so Alt.1 is slightly preferred. 
2.2    PDSCH location of Msg2
With Msg2 PDCCH addressed to RA-RNTI (CSS) on the PCell, the PDSCH of Msg2 could be scheduled on either the PCell (Option A) or the SCell that RACH is being performed on (Option B) as shown in Figure 2. Option A is slightly preferred because Option B breaks a long-standing Release 10 principle that no two cells can schedule the same cell with PUSCH/PDSCH transmission at the same time and that impacts on current specifications should be avoided. Meanwhile, Option A fully reuses the existing Msg2 scheme of RA procedure for the PCell and mostly follows the Rel-8/9/10 principle. 
Proposal 2: PDSCH of Msg2 is sent on the PCell for SCell RACH. 
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Figure 2: PDSCH location of Msg2 for SCell RACH

2.3 CBRA 
Contention-Based RA (CBRA) procedure is regarded as an important tool for providing none-dedicated preamble resources for SCell RACH [11]. However, considering contention free RA (CFRA) procedure has been agreed for SCell RA in Release 11, the CBRA on SCells is not needed because of: 

1) Motivation and operational Scenario: In the previous RAN2 meetings, it was agreed that the UE does not initiate a RA procedure on a SCell in case of new UL data. This implies that SCell RA could be exclusively triggered by the PDCCH reception and the SCell RA triggered by UE is rare in practice, so there is less incentive to support CBRA. 

2) Benefits/Impacts analysis: We understood that CBRA is helpful in case that eNB runs out of dedicated preamble of SCell and CFRA will increase the consumption on the existing RACH resources on the SCell. However, it seems the beneficial scenario is rarely emerging and the issues due to no CBRA support could be easily handled and controlled by eNB with low impact on the RACH latency of legacy UEs. It is possible to reuse the dedicated preambles at different PRACH resources in Rel-8/9/10 already according to existing procedures. Based on above analysis, we believe that the dedicated RACH resources are sufficient for SCell RACH. Even if dedicated RACH resources have run out for some cases, SCell RA could be postponed to wait a contention free preamble and PRACH to be available. This is still tolerable considering that the UE can transmit uplink data on the other cells such as the PCell. Finally, to reduce the impact on the legacy UE, eNB could reasonably control and handle this by assigning higher RA priorities to legacy UEs and it is ultimately a scheduler implementation issue. 

3) Specification and implementation/testing Aspects: If CBRA is supported in Release 11, eNB would need to send RAR and UL grant for Msg3 on both concerned SCell and the PCell/Scheduling cell to ensure backward compatibility. With this approach, big impact on the PDCCH capacity is foreseen which should be avoided. For the “Msg1 and Msg2 on the same Cell” approach, it seems quite simple and “free” to have CBRA in scenarios where SCell-only TA group is not restricted by PDCCH-less operation. However, it should be noted that this benefit implicitly assumes that the new functionality of Msg2 PDCCH is addressed to RA-RNTI (CSS) on the “SCell of Msg1” is agreed in RAN1/2. In this case, additional standard and testing efforts definitely would be needed. . 
In summary, we believe with proper allocation of dedicated preambles and with infrequent and acceptable wait time for having them available for TA adjustment of SCells, we can avoid unnecessary complexity of contention based random access. In view of this analysis we therefore propose the following:
Proposal 3:  CBRA on SCells should not be supported in Release 11. 
3
Conclusions
We presented our views on the issue of Msg 2 location for SCell RA and would like to propose the following:
Proposal 1: Adopt Msg2 PDCCH addressed to RA-RNTI on the CSS of PCell for SCell RACH operation. 
Proposal 2: PDSCH of Msg2 is sent on the PCell for SCell RACH.
Proposal 3: CBRA on SCell should not be supported in Release 11.
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