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1
Introduction
RA procedure on SCell was discussed during the previous meetings [1] [2] and email discussion [3]. It was agreed that “PDCCH for Msg2 on a different cell than Msg1 will be supported”, with an LS sent to RAN1 asking about the number of blind decodings [4]. The detailed solutions to support PDCCH for msg2 on a different cell and whether contention based RACH needs to be supported are still left open. We further discuss those issues in this contribution.
2
Discussion
2.1
Msg2 location
The following solutions were discussed during the last meetings [2]: 
PDCCH for Msg2 on different cell than Msg1 possible (PDCCH-less SCell-only TA group supported):

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?

First we give a brief recap of the solutions to ensure companies have the same understanding when discussing the pros and cons of each solution. 

Two sub-options [5] fall into the scope of both b1) and b2) depend on whether the PDCCH is on PCell or on scheduling SCell: 

· Option 1: different RA-RNTI to distinguish different serving cells;
· Option 2: indicate cell ID in RAR
In Rel-10, at most 6 (TDD) or 10 (FDD) RNTI values are reserved for RA-RNTI, depending on how many PRACH resources are configured for the cell per radio frame. The RAR is scheduled via PDCCH addressing the RA-RNTI corresponding to the PRACH resource where the preamble is transmitted, within the ra-ResponseWindowSize [6]. All the cells are using the same RA-RNTIs when same frequency and subframe are used as PRACH resource (RA-RNTI = 1 + t_id+10*f_id, where t_id is the subframe index and f_id is the frequency index of the PRACH resource and f_id = 0 for FDD). To be able to schedule RAR of different cells from the PCell or scheduling cell, either different RA-RNTI or the cell ID in the RAR is needed, assuming we are not going to introduce CIF in common search space which would have too much impact on PHY.

b1/b2) Option 1: different RA-RNTI 
RAR for different cells is scheduled via PDCCH addressing different RA-RNTIs for different cells, with the RA-RNTI extended as follows to include cell ID:

RA-RNTI = 1 + t_id + 10*f_id + 60*cell_id [7]
Separate PDCCHs and RARs are needed for each cell. The RAR PDU includes RAR for all the UEs using the same PRACH resource on the same cell. 
Alternatively, RA-RNTI offset need not be tied to cell_id and same offset could be given to several SCells. Then the cell_id has to be given in RAR or the dedicated preambles have to be divided between cells having the same offset.
The advantage of different RA-RNTI is that RAR can be completely redesigned including only those fields that are needed for SCells, since legacy UEs wil not be reading it.

b1/b2) Option 2: cell ID in RAR 
RAR for different cells is scheduled via PDCCH addressing RA-RNTI as Rel-10, i.e. different cells can use the same RA-RNTI when the PRACH resource is same with one PDCCH on PCell for b1) and Scheduling cell for b2). The cell ID is indicated in the RAR payload. When the UE finds its matched RAPID, it will check the RAR payload to see if the Cell ID also matches the cell where the preamble was sent. In order to allow full sharing of preamble indexes between the cells and UEs of different releases, the responses that are meant for preambles in the other cells are in that part of the RAR PDU that the UEs of the earlier releases regard as padding.
One possible way of indicating the cell of the response is to reuse 3 bits of the Temporary C-RNTI field which is not needed for connected UE for cell ID. X was the Rel-10 reserved bit now used to indicate cell ID is included in the RAR.
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Figure 1: Reuse legacy RAR format with cell ID 

Another way is to define a new format and include only cell ID and TA without UL grant and Temporary C-RNTI.
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Figure 2: New RAR format with cell ID 

b3) new MAC CE scheduled by PDCCH addressed to C-RNTI
Solution 3 defines a new MAC CE which is scheduled via PDCCH addressed to C-RNTI of the UE on the scheduling cell [8]. It serves the purpose of RAR to give the TA value and to stop the preamble retransmissions. Cell ID might not be needed in the MAC CE as the PDCCH already have CIF if cross scheduling is configured. Every UE will need a separate PDCCH to schedule the RAR.
Pros and cons analysis: 
b1) – option 1/option 2, different RA-RNTI or indicating cell ID in RAR, PDCCH on PCell:

Pros: no blind decoding of the common search space on SCells. RARs for different UEs can be scheduled with one PDCCH. With option2, RAR for different cells can be scheduled with one PDCCH.
Cons: difference from Rel-10 RACH even for the case of cross carrier scheduling is not configured / implemented. The RA-RNTI range needs to be extended for option 1and a new RAR format is needed for option 2. The number of additional reserved RNTIs in option 1, 10/cell, is negligible.
b2) – option 1/option 2, different RA-RNTI or indicating cell ID in RAR, PDCCH on serving cell:
Pros: duplication of Rel-10 RACH on SCells when cross scheduling is not configured / implemented; RARs for different UEs can be scheduled with one PDCCH. With option2, RAR for different cells can be scheduled with one PDCCH.
Cons: blind decoding of the common search space on SCells. b1) is a subset of b2) when cross scheduling is configured;

b3) – RAR/new MAC CE scheduled via PDCCH addressed to C-RNTI
Pros: no blind decoding of the common search space on SCells.
Cons: one PDCCH is needed for each RAR for a single UE which consumes too much PDCCH capacity. Different RA procedure needs to be defined for SCell.
Based on above analysis, if RAN1 replies blind decoding of common search space of SCells should be avoided, b2) could be excluded. When comparing b1) and b3), b1) has less impact on RACH procedure and with higher PDCCH efficiency. Option 2 is the most PDCCH efficient solution with the possibility of scheduling RAR of different cells with single PDCCH. 
Even if RAN1 replies blind decoding of common search space of SCells is not an issue, b1) is a subset of b2) when the scheduling cell is the PCell, it should be enough to support b1). To support cross scheduling, option 1 and option 2 both work well.

Proposal 1: msg2 is scheduled via PDCCH addressed to (same or different) RA-RNTI on PCell.  

2.2
Contention based RACH
No strong use case has been provided to support contention based RACH while quite some complexity is foreseen, esp. with the agreement of PDCCH for msg2 can be from different from the cell where the preamble is sent, e.g. double scheduling for RAR and double scheduling for msg3 would be needed. We prefer to preclude contention based RACH on SCell.

Proposal 2: Only support non-contention based RACH on SCell.
3
Conclusion
The details of RA procedure on SCell are discussed in this contribution with the following proposals proposed:
Proposal 1: msg2 is scheduled via PDCCH addressed to (same or different) RA-RNTI on PCell.  

Proposal 2: Only support non-contention based RACH on SCell.
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