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1
Introduction
At the RAN2 #75bis meeting it was agreed to support PDCCH for RACH Msg2 on a different cell than Msg1 (using cross carrier scheduling) in Release 11. An LS was sent to RAN1 to ask their opinions with respect to the number of blind decodes to support the common search space monitoring on an SCell for Msg2 [1]. RAN1 provided a reply LS in [2].More relevant discussions carried out in last RAN2 meeting but no consensus was reached. In this contribution, we provide some views on the open issues of RACH on SCell TAGs including Msg2 location and handling on failure of SCell RACH 
2
Discussion 
The RAN1 response LS in [2] indicates that the solutions that potentially increase the total blind decoding numbers should not be preferred due to additional complexity:

“RAN1’s understanding is that monitoring the common search space of an SCell for Msg2 has some impact on the physical layer procedure. RAN1 would prefer not to increase the total number of blind decodes.” 
However, RAN1 has not reached the consensus on the complexity associated with monitoring the common search space (CSS) on SCell for Msg2 (even without increasing the number of blind decodes). In addition, RAN1 has not performed trade-off analysis among different options taking into account the overall complexity in both RAN1 and RAN2. Based on above preferences of RAN1, further discussion is still needed at RAN2 to reach the final decision on Msg2 location. 
2.1 Msg2 PDCCH location for SCell RA
Currently, three options of PDCCH location for SCell RA are under discussion in RAN2 to support the functionality of PDCCH transmission of Msg2 on different cell than Msg1: 
b1) Msg2 PDCCH addressed to RA-RNTI (CSS) on the PCell

b2) Msg2 PDCCH addressed to RA-RNTI (CSS) on a scheduling P/SCell of the SCell of Msg1

b3) Msg2 PDCCH addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH
Among the three options, Option b1 is the most natural and straightforward way to support RA procedure on the SCell by reusing the existing RA procedure of Release 10. A claimed issue is that more loading and subsequently severe blocking probability may be introduced on the CSS of PCell since Msg2 PDCCH is always transmitted on PCell regardless of whether cross-carrier scheduling is needed or not. However, this will not be the case in practice as we agreed that UE does not need to support two RA procedures in parallel, therefore PDCCH load for RACH is clearly the same as for Release 10. Furthermore, it was agreed that the UE does not initiate a RA procedure on a SCell in case of new UL data arrival. This implies that eNB can easily handle the coordination by ensuring that other DCIs in CSS of PCell has higher priority than SCell RACH and only allocates preambles for SCells when resources in CSS of PCell are available. If random access resources for an SCell are not available, indicating high load in the system, it will be probably be advantageous to delay performing the random access on an SCell. Additionally, it is possible that eNB would only distinguish between preambles used for RA on PCell and preambles used for RA on SCells to further reduce the number of PDCCHs for SCell RACH, which is elaborated more in the following section.
With Option b3, PDCCH is transmitted indicating Msg2 using only DCI Format 1A with CRC scrambled by the C-RNTI in the UE specific search space (USS) and no constraint on the RAR location. In our opinion, adding a new dedicated Msg2 message for the sole purpose of supporting RA procedure on a SCell does not make sense because of: 

· PDCCH efficiency: in Rel-8 the RAR is indicated by DCI formats 1A/1C in the CSS partly because multiple RA responses can be conveyed in the same PDSCH assignment (scheduled by a PDCCH with CRC masked by the RA-RNTI). Therefore, if the PDCCH scheduling the RAR is transmitted in the USS, multiple PDCCHs are required, one for each UE in a RA procedure on the SCell. Apparently, this could significantly increase PDCCH loading. It is true that option b3) can reduce PDCCH overhead by piggybacking the Msg2 to a normal data transmission, however we wonder whether there will always be a lot of downlink data to multiplex with the Msg2 practically, otherwise this concerning is always valid. 
· Specification impacts and Implement/testing aspects: For this solution, not only the Msg2 PDCCH is no longer addressed to RA-RNTI, a new type of MAC CE to carry Msg2 is also needed. It is a significant departure in design from the Rel-8/9/10 RACH procedure. The complexity in the UE and eNB will increase for the same functionality with already existing messages. Obviously, this requires largest change in the specification and substantial implementation/testing cost. 
Table 1: Summary of Attributes of Msg2 PDCCH Options
	
	Possible Blind Decoding increasing
	PDCCH efficiency
	Specification impact
	Implement and testing effort
	Possible CBRA supporting

	Option b1
	No
	Same
	Small
	Small
	Yes

	Option b3
	No
	Worse
	Larger
	Larger
	No


Table 1 summarizes the properties of the above options and their their advantages and disadvantages.  Based on this analysis, Option b1 seems to be best choice from simplicity, PDCCH efficiency, specification impacts and implementation/ testing efforts points of view. 
Proposal 1:  Adopt Msg2 PDCCH addressed to RA-RNTI on the CSS of PCell for SCell RACH operation. 
One potential issue related to Option b1 could be the ambiguity of which UE the Msg2 PDCCH is intended for when the PDCCH of Msg2 for more than one cell is transmitted on PCell. This ambiguity is possible, since the same RACH resources may be used by two UEs for preamble transmission on two different Cells. Two solutions have been identified: 

[image: image1.emf]Timing Advance Command (TAC) R

TAC UL Grant

UL Grant

UL Grant

Cell Index

R

Oct1

Oct2

Oct3

Oct4

Oct5

Oct6

R

Timing Advance Command (TAC)

R TAC

Oct1

Oct2

Cell Index R


(a) revised MAC RAR                                                          (b) new MAC RAR CE
Figure 1: RAR MAC PDU revised with Cell index information
· Alt.1: to encode the RA-RNTI by involving Cell Index in its generating equation [2, 4]. 
                        
[image: image2.wmf]

 EMBED Equation.DSMT4  [image: image3.wmf]1_10*_*_

RARNTItidfidLCellid

-=+++


      Where the 
[image: image4.wmf]_

tid

is the index of the first subframe of the specified PRACH (
[image: image5.wmf]0_10

tid

£<

), and 
[image: image6.wmf]_

fid

 is the index of the specified PRACH within that subframe, in ascending order of frequency domain (
[image: image7.wmf]0_6

fid

£<

); 
[image: image8.wmf]_

Cellid

is the index of the Cell RACH being performed on. 
· Alt.2: Define RAR message with Cell index information inside. [4]
With Alt.1, ten (FDD) or six (TDD) extra RA-RNTI values need to be reserved per SCell. Considering the currently available RA-RNTI resources of LTE system, this overhead and its impact on the system performance are insignificant. Most importantly, for both Alt.1 and Alt.2, the total number of blind decodes is not increased and they are PDCCH-efficient scheme since it is possible to schedule RAR of different UEs in the same SCell with single PDCCH. However, there is backward compatibility issue on multiplexing/de-multiplexing of the CA configured UEs and legacy UEs in one RAR message aspect for Alt.2 due to the discrepancy on RAR format since the reserved bit ‘R’ of RAR MAC PDU is not mandated to be read for legacy UEs and thus may incorrectly consider a RAR to be intended for itself, when in effect it is intended for another UE that has sent the preamble in another cell. Considering the concerning identified for each alternative, an enhanced method for RA-RNTI computation based on Alt.1 and 2 maybe helpful to further reduce the PDCCH loading on PCell and still keep no backward compatible property: 
RA-RNTI= 1 + t_id+10*f_id + 60 * offset_indicator 
Where offset_indicator is set to 0 when the Preamble was transmitted on the PCell and set to SCell-RA-RNTIoffsetIndicator when the Preamble was transmitted on an SCell. For SCell RACH, UE processes the received UL grant value and indicate it to the lower layers as the UL grant for the serving cell where the Preamble was transmitted if Temporary C-RNTI value received in the Random Access Response message is equal to the UE’s C-RNTI. 
2.2    PDSCH location of Msg2
With Msg2 PDCCH addressed to RA-RNTI (CSS) on the PCell, the PDSCH of Msg2 could be scheduled on either the PCell (Option A) or the SCell that RACH is being performed on (Option B) as shown in Figure 2. Option A is slightly preferred because Option B breaks a long-standing Release 10 principle that no two cells can schedule the same cell with PUSCH/PDSCH transmission at the same time and that impacts on current specifications should be avoided. Meanwhile, Option A fully reuses the existing Msg2 scheme of RA procedure for the PCell and mostly follows the Rel-8/9/10 principle. 
Proposal 2: PDSCH of Msg2 is sent on the PCell for SCell RACH. 
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Figure 2: PDSCH location of Msg2 for SCell RACH

2.3   Handling on Failure of SCell RACH
For the failure of SCell RACH, it was agreed that MAC will not inform RRC about reaching PREAMBLE_TRAN_MAX and consequently, RRC will not trigger RLF because reestablishment will impact user experience due to unexpected service interruption. The remaining issue is what UE behaviour is expected when this random access procedure of SCell fails. Two candidates could be considered: 

Alt1: allow RA procedure to continue until eNB sends a command to stop it.
When the eNB detects SCell RACH failure and deactivate or release the SCell in order to stop preamble transmission from UE. Regarding this solution, it seems that PRACH resource efficiency will be lowered and consequently impacts on the RACH latency from the system perspective considering the RA-RNTI may be shared by all SCells. Meanwhile, some PRACH resources would be occupied by UEs in case of false detection on initial DCI for SCell RACH triggering. 
Alt2: MAC stops RA procedure when RA fails. 

In this alternative, the UE stops preamble transmission itself when the number of RA preamble transmissions reaches preambleTransMax. This solution is very simple and further reduces unnecessary preamble transmission comparing with Alt.1. Meanwhile, it is a robust solution even in case of false detection on DCI. 
Proposal 3:  MAC stops RACH procedure when the number of RA preamble transmissions reaches preambleTransMax. 
In addition, it would not be necessary to change the synchronization status upon SCell RACH failure. If the sTAG is not synchronized when the eNB triggers RACH, the out-of-sync state has to be kept if SCell RACH failure; however if the sTAG is synchronized (i.e. TA timer is running) when the eNB triggers RACH for the purpose of timing-reference SCell changing or RLF detected on reference SCell, we slightly prefer to keep the sTAG state still as synchronized even in case of SCell RACH failure and leave network-based detection to handle potential issue. 
3
Conclusions
We presented our views on the issue of Msg 2 location for SCell RA and would like to propose the following:
Proposal 1: Adopt Msg2 PDCCH addressed to RA-RNTI on the CSS of PCell for SCell RACH operation. 
Proposal 2: PDSCH of Msg2 is sent on the PCell for SCell RACH.
Proposal 3: MAC stops RACH procedure when the number of RA preamble transmissions reaches preambleTransMax.
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