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1 Introduction
It is agreed on RAN2 #75bis meeting that PDCCH for Msg2 on a different cell than Msg1 will be supported (cross carrier scheduling). RAN2 has discussed the following three candidate solution for cross carrier scheduling. 

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
RAN2 has sent LS to inform RAN1 that RAN2 has agreed that “PDCCH for Msg2 can be sent on a different serving cell than the SCell in which the preamble was sent (i.e. cross carrier scheduling of Msg2 is possible)”, and RAN2 would like to request RAN1 to explain the potential impact if the UE is required to monitor the common search space of an SCell (assumed defined) for Msg2 during the RA procedure with respect to the number of blind decoding. If there is no need for UE to monitor the common search space of an SCell for Msg2, solution b2 will be ruled out.
This document discusses the need/possibility to support CBRA on SCell and Msg2 format based on the condition that UE shall not monitor the common search space of SCell. 
2 Discussion
2.1 Need/Possibility to support CBRA on SCell
According to RAN2 agreement that only network triggered RACH on SCell is supported and the eNB should be in control of the triggering of the RACH procedure on a SCell. It seems sufficient to only support a trigger for the non-contention based random access procedure for a SCell due to additional delay and the contention-resolution complexity of the procedure. In general, contention based RACH may be used for the cases when eNB has no available dedicated RACH preamble at the moment. Because it is possible that all dedicated random access preambles may be allocated to other UEs causing a temporary shortage when the network wants to use its UL resources. Alternately, it is also possible to configure a cell such that no dedicated random access preambles are reserved.

Given the use of the PDCCH order, in Rel8/9/10, if the network initiates UE to perform the contention based Random Access procedure by PDCCH Order, the preamble index field should be set to all '0', and additional RRC parameters as RACH common configuration “preambleInfo” should be indicated in system information by rule. Subsequently, UE will select a PRACH and a Random Access Preamble according to the preambleInfo to perform the random access procedure. 

In Rel11, taking the RACH on SCell is only initiated by the network into account, the network knows the dedicated preambles status of the SCell. If eNB want to initiate the RA procedure on SCell, but there is no available dedicated RACH preamble on the SCell at the moment, then it can allocate a common preamble and specify a PRACH resource to UE. Subsequently, UE will transmit the specified preamble considering it dedicated preamble due to impossible preambleInfo on the specified PRACH resource, when the network receives the specified preamble on the specified PRACH resource, it can identify UE according to the allocated preamble on this SCell, subsequently, the network can transmit the corresponding TA information to this UE as non-contention based random access, so there is no need to support CBRA.
Proposal1:  There is no need to support CBRA. If there is no available dedicated RACH preamble, the network may specify a common preamble and specified PRACH resource to UE, UE can performs the non-contention based random access procedure as allocated dedicated preamble.
2.2 Msg2 Design for SCell based RA
If there is no need for UE to monitor the common search space of an SCell for Msg2, solutions b1 and b3 can work out the requirements.
· b1) Msg2 PDCCH addressed to RA-RNTI (CSS) on the PCell
· If Msg2 PDSCH is sent on PCell.
If the Msg2 PDSCH is sent on the PCell, the collision problem needs to be handled, several alternatives are provided below:

· Alt 1: RA-RNTI and/or dedicated preamble as LTE Rel10 are allocated differently from different UEs belonging to the same PCell, how to avoid RA-RNTI and preamble collision between UEs is up to the eNB implementation.
· Alt 2: MSG 2 is differentiated by replacing T-C-RNTI to be C-RNTI in RAR as LTE Rel10 as follow:
· Alt 3: RAR is extended to also (explicitly) indicate the cell index / PCI where Msg1 was sent.
· Alt 4: RA-RNTI range is extended and used to implicitly indicate the cell where Msg1 was sent.
RA-RNTI= 1 + t_id+10*f_id+N*(cell_index + 1)
Where t_id and f_id are as the same as LTE R10. Cell_index is the index of the RACH SCell, for example PCI. N=60. The resource indicated by the PDCCH of the PCell with CRC scrambled by the extend RA-RNTI in the common search space is reserved on the PCell.
· If Msg2 PDSCH is sent on the same SCell as Msg1.

If the Msg2 PDSCH is sent on the same SCell as Msg1, cell identification problem needs to be handled, several alternatives are provided below:
· Alt 1: RA-RNTIs as LTE Rel10 are allocated differently from different UEs belonging to the same PCell, how to avoid RA-RNTI collision between UEs is up to the eNB implementation.
· Alt 2: RA-RNTI range is extended and used to implicitly indicate the cell where Msg1 was sent.
RA-RNTI= 1 + t_id+10*f_id+N*(cell_index + 1)

Where t_id and f_id are as the same as LTE R10. Cell_index is the index of the RACH SCell, for example PCI. N=60. The resource indicated by the PDCCH of the PCell with CRC scrambled by the extend RA-RNTI in the common search space is reserved by the same SCell as Msg1.
The comparison of the above alternatives can be shown in the following table：

                                                        Table 1 alternatives comparison

	Msg2 PDSCH location
	alternatives
	specification impacts
	system capacity on UE numbers
	Restriction on sending cell

	Msg2 PDSCH is sent on PCell
	Alt 1
	low

eNB implementation
	low
	Yes

Only on PCell


	
	Alt 2
	Medium

eNB set T-C-RNTI to C-RNTI in RAR
	high
	

	
	Alt 3
	high

New RAR
	high
	

	
	Alt 4
	high

New RA-RNTI and more RA-RNTI values are reserved
	low.

C-RNTI value range smaller because of reserved more RA-RNTI values
	

	Msg2 PDSCH is sent on the same SCell as Msg1
	Alt 1
	low
	low
	Yes

Only on SCell

	
	Alt 2
	high

New RA-RNTI and more RA-RNTI values are reserved
	low.

C-RNTI value range smaller because of reserved more RA-RNTI values
	


· b3) Msg2 PDCCH is addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH 
Considering that non-contention based RACH on SCell is only for obtaining UL synchronization and the UE is already allocated with single C-RNTI in case of CA, C-RNTI can be used to scramble CRC.
In this case, network can deal with any collision since different CA UEs maybe scheduled on different resource block even on the same CC and network knows which UE with the C-RNTI is performing the PRACH transmission. The merit of this option is that it is in line with Rel-10 principles as it reuses the Rel-10 mechanism of scheduling, that is Msg2 PDSCH can be sent on the PCell, or on the same SCell as Msg1, or on the any other SCell. Furthermore, this solution can completely avoid RA-RNTI/ preamble collision and obviously improves system capacity.
Certainly, the PDSCH content format carrying the TA value should be defined, several alternatives are provided follow:
· Alt 1: Use the exist MAC subheader, define a new MAC CE or use the exist RAR format to carry the TA value, new LCID in MAC subheader should be introduced.
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Figure1. MAC subheader of Alt1
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Figure2. MAC CE of Alt1
· Alt 2: Use the exist TAC LCID, define a new MAC CE to carry the TA value, the first bit is T, and T is set to 1 to different the new MAC CE from the TAC MAC CE.
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Figure3. MAC subheader of Alt2
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Figure4. MAC CE of Alt2
· Alt 3: Use the exist TAC LCID, define a new MAC CE or use the exist RAR format to carry the TA value, use the reserved R bit in the MAC subheader to indicate the new MAC CE.
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Figure5. MAC subheader of Alt3
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Figure6. MAC CE of Alt3
The comparison of the above four alternatives can be shown in the following table：

                                                        Table 2. alternatives comparison

	
	Alt 1
	Alt 2
	Alt 3

	New MAC subheader format
	No.
	No.
	Yes.

New T field.

	New LCID
	Yes.
	No.
	No.

	New MAC CE

	Yes.

New MAC CE format or exist RAR format
	Yes.

New MAC CE format
	Yes.

New MAC CE format or exist RAR format

	Restriction on sending cell
	No.
	No.
	No.

	System capacity restriction on UE numbers
	No.
	No.
	No.

	specification impacts
	Yes
	Yes
	Yes


Accroding to the comparison, taking the scheduling flexible and system capacity into account, it is slightly prefer b3 and taking the LCID precious into account and it is possible to not introduce a new LCID, it is slightly prefer to use the exist TAC LCID.
Proposal 2: Msg2 PDCCH is addressed to C-RNTI on the PCell or on an SCell configured with PDCCH, and used the exist TAC LCID.
3 Conclusion

From the above analysis, almost all MAC functions can be applied with small modification to support the no available dedicated RACH preamble cases on SCell by PDCCH order. In the solutions intercepted from the meeting notes, we would prefer to have Msg2 PDCCH is addressed to C-RNTI.

Proposal1: If there is no available dedicated RACH preamble, the network may specify a common preamble and specified PRACH resource to UE, UE can performs the non-contention based random access procedure as allocated dedicated preamble.
Proposal 2: Msg2 PDCCH is addressed to C-RNTI on the PCell or on an SCell configured with PDCCH, and used the exist TAC LCID.
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