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1. Introduction 
In RAN2 #75 meeting, the location of RAR transmission was discussed and RAN2 chair suggested having email discussion on some issues and the possible solutions. In this document, we discuss the issues especially summarized by the email rapporteur and take a look at the possible solutions. 
2. Discussion

Issue 1: Relevance of UE impacts on having to perform blind decoding on common search space of SCell

One possible way to transmit PDCCH for RAR is that the UE is allowed to monitor the common search space in the SCell in which the UE transmits the random access preamble. 
When the UE monitors the common search space of the SCell, one concern would be that the number of blind decodings will be increased. Figure 1 shows the number of blind decodings when the UE has to monitor the common search space in the SCell. It is assumed that the UE monitors the common search space only when RAR is possibly transmitted because the UE should not receive common signaling such as SIB or paging in the SCell in Rel-10 CA. When the SCell is activated, the UE monitors the UE specific search space to receive PDCCH for DL assignment or PDCCH order assigning the random access preamble for the SCell procedures. At this time, the number of blind decode in the UE specific search space is 32 if UL MIMO is not configured or 48 if UL MIMO is configured. If the UE receives PDCCH order, the UE transmits the random access preamble in the SCell. Once RAR window is started, the UE starts to monitor common search space in addition to the UE specific search space in the SCell to check if RAR is transmitted. As the UE monitors both, the total number of possible blind decodes in this phase is increased as 44 or 60 if UL MIMO is configured.  


[image: image1.emf]32 (USS) 32(USS) + 12(CSS) 32(USS)

Scell is 

activated

TA is acquired 

with RAR

(a) without reducing the number of PDCCH candidates in USS

time

Preamble is transmitted 

& RAR window is started


Figure 1 : examples of the period for monitoring

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. To keep the same number of blind decodings regardless of RAR reception, the number of PDCCH candidates in UE specific search space can be reduced partially. For example, the number of blind decodes in UE specific search space can be temporarily reduced to 20. In this case, the total number of blind decodes including both UE specific search space and common search space becomes 32. The restriction of PDCCH candidates in the UE specific search space would not affect the scheduling of PDSCH or PUSCH in the SCell given that PUSCH cannot be scheduled before timing synchronization and the high date rate of PDSCH is not likely to be scheduled due to the limited feedback in the beginning of SCell activation.

Proposal 1: even if PDCCH of RAR is transmitted on SCell, it would not be desirable to increase the number of BDs in the sense that the PDCCH monitoring in CSS is performed during a short period, i.e. RAR window. 

Issue 2: Deployment scenarios where none of the SCells in a timing advance group (which does not include the PCell) is configured with PDCCH, and their importance
If PDCCH/PDSCH for RAR is transmitted on the same SCell in which the preamble is transmitted and PDCCH for RAR is transmitted in the common search space, it is not possible to apply this approach in case of cross carrier scheduling because the common search space of the concerning SCell is not defined in the scheduling cell. In conjunction with this issue, one question was raised how likely the deployment scenario 4 and 5 requires cross carrier scheduling, i.e. how likely the multiple TA is required in the deployment scenario such as HetNet.
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Figure 2 : examples of HetNet scenario with RRH(a) and repeater(b)

Figure 2 shows the example when Pico cell supporting carrier aggregation is located in the deployment scenario 4 and 5 respectively. In this case, cross carrier scheduling would be required to control inter-cell interference in control region between Pico cell and Macro cell. However, given that the main purpose of Pico cell is to increase the data throughput in hotzone area, it may be inefficient to overlap the Pico cell and RRH in the same layer and the similar coverage as shown in Figure 2 (a). If the Pico cell is located with the different region from the RRH, cross carrier scheduling would not be required. In case of the repeater and Pico cell, it seems possible that both of them are located within the Macro cell’s coverage in the same layer. In this case, cross carrier scheduling is required to avoid the interference between Macro cell and Pico cell. 
Proposal 2: multiple TA should be supported in conjunction with cross carrier scheduling to support flexible deployment scenario. 
Issue 3: Need for contention based RA procedure on SCells
The current working assumption is that the preamble on SCell is initiated by PDCCH order i.e non-contention based RA procedure. However, it was concerned that the eNB may experience the situation in shortage of the preambles reserved for non-contention based RA procedure. For this case, it was proposed that contention based RA should be supported. According to the previous RAN2 discussion, it seems that majority of companies seem to think this is not so essential but avoid to preclude contention based RA procedure at the moment. 

Instead of introducing the contention based RA procedure, it would be worth thinking if there is any other approach if there are not enough the preambles reserved for non-contention based RA procedure. One possible solution would be to temporarily allocate the preamble reserved for contention based RA procedure to the UE with PDCCH order. If collision happens, the eNB could detect it based on the following uplink transmission and try the non-contention based RA procedure with PDCCH order again. This approach can be supported without modification of the current non-contention based RA procedure. 
Proposal 3: Contention based RA procedure is not required on SCells. 
3. Possible solutions for RAR transmission
Table 1 summarizes the possible solutions to transmit PDCCH for RAR transmission on SCell and compare in terms of advantage and disadvantage. Based on proposal 1 and 2 in Section 2, option (C) and (D) would be preferable. However, in case of option (C), it is concerned that transmitting PDCCH of RAR for SCell is transmitted may increase the blocking probability given that the amount of PDCCH candidates in the common search space is limited. In that sense, we prefer option (D) for the way of transmitting PDCCH  in the UE specific search space with C-RNTI for RAR transmission. 
	Solution
	Categroy
	Advantage 
	Disadvantage 

	A) RA-RNTI PDCCH on Scell 
	Msg1/2 on same SCell approach
	Simple
	-Cannot support cross carrier scheduling
-Increase of BDs 

	B) RA-RNTI in CSS of scheduling cell 
	Msg1/2 on same or different SCell approach
	- Support cross carrier scheduling 
	- Increase of BDs (in case of separate scheduling)
- Blocking probability in CSS of PCell (in case of cross carrier scheduling)
 - Modification of RA-RATI to avoid the collision(in case of cross carrier scheduling)

	C) RA-RNTI in CSS of Pcell, PDSCH in Pcell or Scell 
	Msg1/2 on different P/SCell approach
	- Support cross carrier scheduling 
- No increase of BDs 
	- Blocking probability in CSS of PCell 
- Modification of RA-RATI to avoid the collision

-  New or modification of MAC CE if PDSCH is transmitted on Pcell only 

	D) C-RNTI in USS + new MAC CE 
	Msg1/2 on same SCell approach
	- Support cross carrier scheduling 
- No increase of BDs 
	- New or modification of MAC CE


Table 1: summary of possible solutions

3.1. Details of new MAC CE

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. The advantage of this approach is that there is no need to monitor common search space of SCell and it is applicable both separate scheduling and cross carrier scheduling. 

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


4. Conclusions
In this contribution, we discussed the remaining open issues on PDCCH/PDSCH location of RAR transmission. Based on Section 2, we would recommend the following proposals. 
Proposal 1: even if PDCCH of RAR is transmitted on SCell, it would not be desirable to increase the number of BDs in the sense that the PDCCH monitoring in CSS is performed during a short period, i.e. RAR window. 

Proposal 2: multiple TA should be supported in conjunction with cross carrier scheduling to support flexible deployment scenario. 

Proposal 3: Contention based RA procedure is not required on SCells. 
In Section 3, we compared the possible solutions to transmit PDCCH/PDSCH for RAR transmission based on the advantage and disadvantage. Based on section 3, we prefer to transmit PDCCH in UE specific search space with C-NRTI. 
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