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1   Introduction
In RAN2 #75 and #75bis meeting, the location issue of msg2 for RA on the SCell was discussed. It was agreed:
 PDCCH for Msg2 can be sent on a different serving cell than the SCell in which the preamble was sent.
But it is FFS which one among the solutions supporting above agreement should be introduced. In this document, we further discuss and compare the available solutions.  And we look into the MAC specification change for our preferred solution, i.e. C-RNTI based solution. 
2   Discussion
All solutions supporting cross-scheduling are classified as following mainly from the msg2 PDCCH point of view:

· 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
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), so it is not the time to make trade-off between b1 and b2 now. In this case we compare the following proposed solutions Regardless where (PCell or SCell) the msg2 PDCCH is transmitted:

· Solution 1: Modified RAR with cell index. [5] [2]
· Solution 2: Modified RAR with UE’s real C-RNTI.[4]
· Solution 3: Extended RA-RNTI calculation by taking cell index into account. [6] [2]
· Solution 4: Msg2 PDCCH is addressed to C-RNTI (USS) [2]
As discussed in the contribution [2], these solution 1，2 and 3 are not suitable for contention based RA due to the complexity and resource waste.  The solution 4 is inherently unsuitable for the contention based RA. Therefore in the following discussion, we focus on the comparison by assuming only CFRA.
Solution 1: Modified RAR with cell index
With solution 1, the RAR should be modified with cell index for distinguishing the same preamble from different carrier. In this way, one PDCCH can be shared by RA responses for cross-scheduled different carriers. The main problem of this solution is backward-compatibility and ASN.1 impact for non-UE specific cell index. 

In order to solve the backward compatibility, it is mentioned in [5] that the design should make the legacy UEs regard the modified RAR/ RAR header as padding. This is not easy since the legacy UEs do not read any reserve bit and even the T-RNTI filed, and more complex design means more impact on eNB and UE implementation.
The specification/implementation impact of solution 1:

· To introduce the Non-UE specific cell index; [RRC]
· To modify the RAR;[MAC]
· The new requirement for design to make sure the decoding of legacy UE, consequently more impact on encoding and decoding implementation; [MAC]
· To start monitoring RA-RNTI scrambled PDCCH on PCell/scheduling cell after preamble is transmitted on an Scell; [PHY]
Solution 2: Modified RAR with UE’s real C-RNTI
In the solution 2, instead of non-UE specific cell index, the eNB include the UE’s real C-RNTI in the RAR, it is better than solution 1 considering no introduction of non-UE specific cell index in ASN.1.The rel11 UEs identify the right RAR by further checking whether the temporary C-RNTI in the RAR. 
However, the legacy UEs only identify its RAR according to the preamble index, and then ignore the Temporary C-RNTI field or regards it is the allocated C-RNTI, therefore the solution faces the same backward-compatibility issue and raise the same impact on implementation of eNB and UE if the same scheme is used as for solution 1. Another straightforward solution is that the eNB coordinates the dedicated preamble so that the dedicated preamble is not simultaneously used on the different Cells. This is not desired since it is then equivalent with one solution which was already excluded during email discussion [1]. 
The specification/implementation impact of solution 2:

· To check the consistency between UE’s C-RNTI and the Temporary C-RNTI in the RAR; [MAC]
· The new requirement for design to make sure the decoding of legacy UE, consequently more impact on encoding and decoding implementation; [MAC]
· To start monitoring RA-RNTI scrambled PDCCH on PCell/scheduling cell after preamble is transmitted on an Scell; [PHY]

Solution 3:  Extended RA-RNTI calculation by taking cell index into account. 
The main idea of the solution 3 is assigning the new RA-RNTI in order to distinguish the PRACH channel from different cell. this would consume much more RNTI. Moreover, separated PDCCH is needed for different carrier’s RA response, and then will increase the PDCCH consumption so that the PDCCH blocking probability will be increased. There is same ASN.1 impact as solution 1
The specification/implementation impact of solution 3:

· To introduce the non-UE specific cell index; [RRC]

· Extended RA-RNTI calculation formula are introduced and more RA-RNTIs are consumed; [MAC]
· Separated PDCCH for RA response w.r.t difference cells, and then the PDCCH blocking probability increase; [PHY] 

· start monitoring new RA-RNTI scrambled PDCCH on PCell/scheduling cell after preamble is transmitted on an SCell; [PHY]
Solution 4: Msg2 PDCCH is addressed to C-RNTI (USS) 
The main idea of the solution 4 is that the RAR for RACH on SCell is sent as a dedicated MAC CE.  The new MAC CE can be multiplexed in any TB and transmitted on any activated serving cell as normal data. 
The main specification impact of solution 4:

· To introduce one new MAC CE; [MAC]
· Legacy HARQ procedure is reused for Msg2 reception;[MAC]
· To do nothing for PHY layer after the preamble on an SCell is transmitted on an SCell;[PHY]
Someone argues that the solution 4 will result in the initial scheduling delay and initial power control problem if the new MAC CE does not include the UL grant and TPC command [4]. But we think the issue does not exist due to:
· The UL scheduling on SCell can be immediately performed once the ACK feedback of the TB including TA value is received. And earlier scheduling can be done if delay is more important than possible resource waste
· The delay for the first scheduling on the SCell is not so critical because the Pcell and other SCells have been working..
· The initial power control on the Scell can be obtained from the PDCCH for the initial SCell scheduling.
Based on the above discussion and comparison, we can see the solution 4 has the less specification/implementation impact. Therefore we propose:

Proposal: Msg2 PDCCH is addressed to C-RNTI (USS) and a new MAC CE for Msg2 is introduced. 

3   Conclusion
In this contribution, we discuss and compare the detailed solutions for cross-scheduled Msg-2. We conclude the C-RNTI based solution has less impact on specification and implementation:
Proposal 1: Msg2 PDCCH is addressed to C-RNTI (USS) and a new MAC CE for Msg2 is introduced. 
Some concern on the specification complexity of C-RNTI based solution was pointed out, it can be seen that the change is not big from the text proposal in appendix.
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5   Text Proposal (based on TS 36.321 V10.4.0)
5.1
Random Access procedure

5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted on PCell and regardless of the possible occurrence of a measurement gap, the UE shall monitor the PDCCH of the PCell for Random Access Response(s) identified by the RA-RNTI defined below for the transmitted Preamble on Pcell in the RA Response window which starts at the subframe that contains the end of the preamble transmission [7] plus three subframes and has length ra-ResponseWindowSize subframes. Or once the Random Access Preamble is transmitted on an SCell, the UE shall detect the RAR MAC control element (see subclause 5.3) for the transmitted preamble on an SCell,The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI= 1 + t_id+10*f_id

Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). The UE may stop monitoring for Random Access Response(s) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted Random Access Preamble or after successful reception of a RAR MAC control element.

-
If the Random Access Preamble is transmitted on SCell


- if  a RAR MAC control element has been received

-
process the received Timing Advance Command (see subclause 5.2);
-
indicate the preambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e., (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep);

[-
process the received UL grant value and indicate it to the lower layers;]
-
consider the Random Access procedure successfully completed.

-
If the Random Access Preamble is transmitted on PCell

-
If a downlink assignment for this TTI has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded, the UE shall regardless of the possible occurrence of a measurement gap:

-
if the Random Access Response contains a Backoff Indicator subheader:

-
set the backoff parameter value in the UE as indicated by the BI field of the Backoff Indicator subheader  and Table 7.2-1.

-
else, set the backoff parameter value in the UE to 0 ms.

-
if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble (see subclause 5.1.3), the UE shall:

-
consider this Random Access Response reception successful;

-
process the received Timing Advance Command (see subclause 5.2);

-
indicate the preambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e., (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep);

-
process the received UL grant value and indicate it to the lower layers;

-
if ra-PreambleIndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC):

-
consider the Random Access procedure successfully completed.

-
else, if the Random Access Preamble was selected by UE MAC:

-
set the Temporary C-RNTI to the value received in the Random Access Response message no later than at the time of the first transmission corresponding to the UL grant provided in the Random Access Response message;

-
if this is the first successfully received Random Access Response within this Random Access procedure:

-
if the transmission is not being made for the CCCH logical channel, indicate to the Multiplexing and assembly entity to include a C-RNTI MAC control element in the subsequent uplink transmission;

-
obtain the MAC PDU to transmit from the "Multiplexing and assembly" entity and store it in the Msg3 buffer.

NOTE:
When an uplink transmission is required, e.g., for contention resolution, the eNB should not provide a grant smaller than 56 bits in the Random Access Response.

NOTE:
If within a Random Access procedure, an uplink grant provided in the Random Access Response for the  same group of Random Access Preambles has a different size than the first uplink grant allocated during that Random Access procedure, the UE behavior is not defined.

NOTE:
The UL grant value received in the Random Access Response is valid for the PCell.

If no Random Access Response or RAR MAC control element is received within the RA Response window, or if none of all received Random Access Responses contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble, the Random Access Response reception is considered not successful and the UE shall:

-
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

-
If PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

-
indicate a Random Access problem to upper layers.

-
if in this Random Access procedure, the Random Access Preamble was selected by MAC:

-
based on the backoff parameter in the UE, select a random backoff time according to a uniform distribution between 0 and the Backoff Parameter Value;

-
delay the subsequent Random Access transmission by the backoff time;

-
proceed to the selection of a Random Access Resource (see subclause 5.1.2).
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