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1. Introduction
 In RAN2 #75bis meeting, it was agreed that PDCCH for RAR on a different cell than Msg1 will be supported (cross carrier scheduling) [1]. Based on this agreement, in this document, we discuss the possible methods to transmit PDCCH of RAR and propose a new MAC CE structure to transmit RAR in MAC PDU. 
2. Discussion on possible methods
2.1. Method 1: RA-RATI in common search space of scheduling cell
The UE monitors common search space (CSS) of own cell in case of separate scheduling, while the UE monitors CSS of the different cell in case of cross carrier scheduling. If the UE monitors CSS of own cell, it would increase the number of blind decodings. In LTE Rel-10, the number of blind decoding is defined 44 + 32 x N_ SCC + 16 x N_ULM_CC, where N_SCC is the number of Scells and N_ULM_CC is the number of UL cells supporting UL MIMO. Since the UE monitors the common search space in the Pcell only, the number of blind decodings is 44 for the Pcell only. 
However, this value should be changed if the UE monitors CSS of SCells.  For example, the total number of blind decodings would be 44 + 32 x N_ SCC + 12 x N_ SCellTAG + 16 x N_ULM_CC. N_SCellTAG is the number of TAGs not including Pcell.  If the number of SCells requiring the different TA from the PCell is only one, the impact on the UE complexity is not so high but if the number of SCells requiring the different TA from the PCell is larger to support the large number of multiple TAs, the impact may not be negligible. In addition, given that the RAR window is relatively quite short compared to the normal connection, it would be not efficient to increase the maximum number of blind decodings for RAR reception only. 
2.2. Method 2: RA-RNTI in CSS of Pcell
In this method, regardless of separate scheduling or cross carrier scheduling, the UE monitors CSS of PCell. It can resolve the concern on the increased number of blind decodings. However, transmitting PDCCH of RAR for other cells would increase the blocking probability. In LTE, the number of PDCCH candidates in CSS is 6 for aggregation level 4 and 8 only, which is smaller than the UE specific search space. 

Furthermore, ambiguity of RA-RNTI can happen if the same RA-RNTI is used. RA-RNTI is generated with the index of time and frequency resource of PRACH. If the same PRACH frequency and time resource is allocated to multiple cells, they would have the same RA-RNTI and there is no way for the UE to distinguish and if RAPID of multiple UEs transmitting the preamble in the different cells happen to be same, the UE could receive the wrong TA targeting to the different UE. In order to support the method 2, it would be necessary to modify the definition of RA-RNTI to avoid the ambiguity problem. One simple solution is to include cell index as a parameter. For example, RA-RNTI is calculated by 

RA-RNTI= 1 + t_id+10*f_id + 60 * cell index, 

where, t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6) and cell index is the serving cell index. 
It is noted that more RNTI values should be reserved with respect to the number of TAGs for RA-RNTI values in the PCell and RA-RNTI values for SCell TAGs would exceed to range of RA-RNTI defined in Table 7.1-1[2]. 
2.3. Method 3: C-RNTI in USS
The PDCCH of RAR is transmitted in the UE specific search space and PDCH is scrambled with C-RNTI. This method avoids the increase of the number of blind decoding as well as the increase of blocking probably. 

If PDCCH of RAR is transmitted in the UE specific search space of SCell, the UE monitors PDCCH 1A configured by C-RNTI to receive RAR instead of PDCCH configured by RA-RNTI. In order to distinguish PDCCH scheduling RAR or DL-SCH, LCID would be needed for RAR. In TS 36.321 [2], LCID values are defined for DL-SCH and there are some reserved values for the future usage. One of reserved value can be assigned for the LCID of the RAR. An example is shown in Table 1. Since the RAR is sent to the UE specifically, the introduction of a new LCID for RAR should not affect the legacy UEs as long as RAR is transmitted to new UEs. 
Table 1 : Values of LCID for DL-SCH
	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11010
	Reserved

	11011
	Random Access Response command

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding


3. Conclusions
In this document, we discuss the possible methods to transmit PDCCH of Msg2 and propose a new MAC CE structure to transmit Msg2 in MAC PDU. Based on discussion in Section2, the method 3, sending PDCCH of RAR scrambled with C-RNTI in the UE specific search space is preferred because it avoids the increase of number of blind decoding and the increase of blocking probability. 
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