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1. Introduction

In RAN2#75bis, the following 3 methods are proposed for sending the PDCCH of Msg2: 

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
The first 2 proposals b1) and b2) are generally the same as they reuse the legacy Msg2 reception procedure on the PCell also for the SCell. The only deviation is that the PDCCH of Msg2 can be routed via another cell other than the SCell where the preamble is sent as agreed in the same meeting while b1) further restricts the PDCCH of Msg2 to the PCell to avoid having to decode CSS on SCell. Other than that b1) and b2) are the same. As on b3), it is introducing a new method for sending Msg2 of the RA procedure. Generally, there are 2 methods on the table: 

Method A: Reusing current Msg2 reception procedure for the SCell 

Method B: Introducing a new Msg2 reception procedure for the SCell 
In this contribution, we study the 2 methods and proposed that legacy Msg2 reception procedure is also used for SCell random access. 
2. Discussion
2.1 Comparing Method A and B

2.1.1 Method A: Reusing current RA procedure for SCell 

Like in current Msg2 reception procedure for PCell, the Msg2 reception procedure for SCell will benefit from the following functions:
· 1 PDCCH with RA-RNTI can be used to indicate Msg2 for multiple UEs.

· Multiple RARs from different UEs can be multiplexed within the MAC PDU

· Preamble power ramping for successful sending of the preamble

· Preamble retransmissions based on no RAR received within the RA window (No HARQ retransmission interaction)
· UL grant is already provided in the RAR for the subsequent PUSCH
· Timing advance is already provided in the RAR 

The only complexity of this method is on how to identify the UE a RAR belongs to in the case that the PDCCH of Msg2 is routed to a serving activated cell different to where the preamble is transmitted. There are 2 methods mentioned:

· Extend RA-RNTI with cell specific ID

· Extend RAR with cell specific ID

Both of these methods are simple to extend and we do not see huge implementation or specification impact. More details are explained in Section 2.3. 
2.1.2 Method B: Introducing a new RA procedure based on C-RNTI for SCell
In this method, the PDCCH of Msg2 can be sent on any UE search space of PCell or any activated SCell just like any DL data and the Msg2 is a MAC CE which can be multiplexed with other DL data. The MAC CE contains at least the timing advance.
To transmit a preamble using the current RA procedure, the UE MAC needs to indicate to the UE PHY the preamble index, RA-RNTI and the PRACH resource. For this method, the RA-RNTI is not needed to be indicated to the UE PHY and the UE PHY also does not need to decode RA-RNTI PDCCH. Both of these are a deviation from the current Layer 1 RA procedure and create impact to RAN 1 specs.
Once the preamble is sent, it is assumed that the UE MAC will have to detect MAC CE of Msg2 within the RA window. If not, the UE MAC will perform the preamble retransmission with power ramping. On the other hand, HARQ retransmissions are performed for PDSCH related to C-RNTI PDCCH on the lower layer. If the successful reception of DL SCH transport block containing the MAC CE of Msg2 falls outside of the RA window, the UE will have already initiated another preamble retransmission. This may result in unnecessary sending of the MAC CE of Msg2 by the eNB again which may provide a different TA value than the one before. All these may incur further complication for UE implementation and impact to the specification. 
Furthermore one function of Msg2 is to provide UL grant for subsequent PUSCH. If this is provided in the MAC CE of Msg2, the HARQ retransmission may make the UL grant invalid as there are strict timing of when this UL grant can be used. Alternatively, it is not to provide UL grant in the MAC CE of Msg2 but provide subsequent UL grant via another PDCCH after a DL ACK has been received for the PDSCH containing MAC PDU with the MAC CE of Msg2. However, this will require another PDCCH which is an extra overhead. Moreover, as the UL grant also provide TPC command for the PUSCH as well as SRS, the TX power for SRS (if configured for the SCell) sent before a PUSCH grant is provided with TPC Command will not be set correctly.  
Also this method does not allow for contention based RACH to be introduced for SCell in the future.

In view of the above, it is proposed that:

Proposal#1: Reuse existing PCell Msg2 reception procedure for the SCell Msg2 reception (i.e., using PDCCH addressed to RA-RNTI (CSS)).  
2.2 Sending of RA-RNTI only on PCell or scheduling cell
As mentioned in the Introduction, the difference between the 2 approaches of reusing the RA-RNTI to address the PDCCH of Msg2 is that on the cell in which the RA-RNTI PDCCH can be sent. b1) proposes restricting the use of RA-RNTI PDCCH to PCell while b2) proposes to use the RA-RNTI PDCCH to scheduling cell which can also be a SCell.
The purpose of restricting the use of RA-RNTI to PCell is to prevent the need to monitor a Common Search Space (CSS) of the SCell which may increase the UE blind decodes (i.e. only 6 blind decodes). RAN 1 have also indicated in the LS that they would prefer not to increase the number of UE blind decodes for PRACH on SCell as it was perceived to be not necessary to do so for such low complexity feature. However, monitoring the CSS of a SCell does not mean that it will increase the UE blind decodes. There are other options that keep the number of blind decodes the same as Rel-10. For example, the UE can temporarily reduce the size of UE-specific search spaces for SCell when the UE needs to monitor the CSS of a SCell for Msg2 in which UE blind decodes will not increase. As on this, our understanding is that RAN 1 had not reached consensus on the complexity of this but does not exclude the use of such methods. The following is the extraction from the LS:

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.
Since the random access procedure for SCell can only be initiated by the eNB, eNB knows the UE performing the random access on SCell and so can avoid scheduling the UE on some blind decodes whilst the UE is performing the random access. We do not see more complexity on the eNB or on the UE and thus do not see the need to restrict the PDCCH of Msg2 to just the PCell. 
Proposal#2: PDCCH of Msg2 can be sent on the scheduling cell (i.e. PCell or other SCell which is the scheduling cell of the SCell on which the PRACH was sent)
2.3 Extended RA-RNTI vs Extended RAR

As mentioned earlier, there are 2 options to indicate to the UE whether the RAR is sent for it in the case the PDCCH of Msg2 is routed via another cell other than the preamble cell.
Option 1: RA-RNTI calculation is extended to include cell specific ID for cross scheduled RAR
Option 2: RAR is extended with cell specific ID for cross scheduled RAR
The downside of Option 1 is that the new RA-RNTI cannot be used by the legacy UE for PRACH and thus it can only multiplex RARs in the RAR MAC PDU that uses the same scheduling cell for the same cross scheduled cell. Furthermore, different RA-RNTI will be used for the schedule of RAR for different cross scheduled cell and thus increase the usage of PDCCH and the PDCCH blocking probability. All these downsides are just degradation on performance optimality but do not increase in implementation complexity.
Option 2 does not have the negative points of Option 1. The RA-RNTI used will be the same as legacy UE depending on the PRACH resources used. The RAR for cross-scheduled SCell can be sent on the padding part of the RAR MAC PDU and thus the multiplexing of RARs is further enhanced with RAR from cross scheduled cells. Also there is no increase of PDCCH blocking. The downside is that the RAR MAC PDU/PDSCH for Msg2 has to be sent on the SIB2-linked of the scheduling cell and may increase the PDSCH load on the scheduling cell. However, the purpose of cross scheduling is to allow for scheduling flexibility to different cell.
Comparing the 2 options, we have a slight preference on Option 2. Hence it is proposed that:

Proposal#3: MAC RAR PDU is extended to include the cell specific ID for cross scheduled RAR to allow unique identification of the UE.
As mentioned in [1], the cross scheduled RAR can be sent on the padding part of the legacy MAC RAR PDU as illustrated in Fig 1. The subheader for this cross scheduled RAR will contain E/T/RAPID like in the legacy subheader for RAR. Since backoff is not needed for CFRA, the T field in the first subheader can be reused for indicating whether it is real or not real padding. The number of subheader equals to the number of new cross scheduled RARs. The new cross scheduled RARs will include at least the TA value and the cell specific ID. UL grant can also be sent but can be further discussed.
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2.4 Location of the PDSCH of Msg2

If Proposal#3 is agreed, the location of the PDSCH of Msg2 has to be the scheduling cell (i.e. cell in which the PDCCH RA-RNTI is sent).
Proposal#4: The location of the PDSCH of Msg2 is the scheduling cell (i.e. cell in which the PDCCH RA-RNTI is sent).

2.5 RA failure for RA procedure on SCell

In Rel-10, MAC will indicate to RRC the RA problem. If it is considered as radio link failure, it will initiate the RRC Connection re-establishment procedure. It is obvious that RA failure on SCell should not initiate re-establishment procedure. Then the question is whether the UE needs to perform any autonomous actions or just wait for the eNB action. Since the RA procedure on SCell is initiated by the eNB, the eNB will know eventually that the procedure on SCell was not successful and can perform the necessary actions at that point.
Proposal#5: MAC does not indicate to RRC the RA problem on SCell. No further UE handling is needed.
3. Summary

It is requested that RAN2 discuss the proposals:

Proposal#1: Reuse existing PCell Msg2 reception procedure for the SCell Msg2 reception (i.e., using PDCCH addressed to RA-RNTI (CSS)).  

Proposal#2: PDCCH of Msg2 can be sent on the scheduling cell (i.e. PCell or other SCell which is the scheduling cell of the SCell on which the PRACH was sent)
Proposal#3: MAC RAR PDU is extended to include the cell specific ID for cross scheduled RAR to allow unique identification of the UE.
Proposal#4: The location of the PDSCH of Msg2 is the scheduling cell (i.e. cell in which the PDCCH RA-RNTI is sent).

Proposal#5: MAC does not indicate to RRC the RA problem on SCell. No further UE handling is needed.
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