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Discussion and decision 
1 Introduction 
It has been agreed in RAN2 that PDCCH for Msg2 on a different cell than Msg 1 will be supported (cross carrier scheduling). 
An LS to RAN1 was also sent to ask them it would be possible to support the following with reasonable complexity: monitoring the common search space of an SCell (assumed defined) for Msg2 during the RA procedure with respect to the number of blind decodes [2]. In RAN1’s reply LS [5], RAN1has essentially entrusted RAN2 to make the decision on the need for defining a common search space for an SCell by taking into account the overall complexity in both RAN1 and RAN2. In addition, RAN1 would not prefer to increase the number of blind decodes for an SCell; however RAN1 has also mentioned that there exists solutions that do not require an increase in the number of blind decodes despite defining a common search space for an SCell.
With the above understanding, we present our views on the solutions currently under discussions in RAN2 for MSG2 location for SCell RA:
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
2 Review of solutions
We present our views on the three solutions below.
b1) Msg2 PDCCH addressed to RA-RNTI (CSS) on the PCell
An advantage of this solution is that the common search space on the SCell need not be defined. However, there are several disadvantages about the solution as detailed below.
This solution increases the load and the blocking probability on the PCell’s common search space, regardless of whether cross-carrier scheduling is needed. Since the common search space can overlap with the UE-specific search space, more frequent utilisation of the common search space will also increase the load and the blocking probability of UE-specific PDCCH of the PCell. While it is possible to multiplex the RAR of multiple cells in the same RAR MAC PDU (this presents another issue to consider for this solution), the overall load of the common search space will still increase. It should also be noted, this problem can get worse as the number of TAGs increases. In this sense, it doesn’t scale very well with the number of TAGs. Overloading the common search space of the PCell is not desirable since there are already many PDCCHs that rely on the common search space such as PDCCHs for SIBs, paging messages, RARs for the PCell, RAR grants for the PCell as well as TPC commands. It should also be noted that additional PDSCH resources of the PCell may also be required for transmission of the SCell RAR.
Observation 1: Solution b1 increases the load and PDCCH blocking probability in the common search space of the PCell. Additional PDSCH resources of the PCell may also be required for transmission of the SCell RAR.  
Observation 2: Solution b1 does not scale very well with the number of TAGs.
Furthermore, if no cross carrier scheduling is configured, the UE can continue to receive PDCCH from the SCell for normal UL grant/DL assignment at the same time. This violates a long-standing Rel-10 principle that no two cells can schedule the same cell at the same time.
Observation 3: Solution b1 violates a long standing Rel-10 principle that a cell cannot have more than one scheduling cell.
Since the RARs of multiples cell for multiple UEs are sent on the PCell, if the same PRACH resource index and the same RA preamble was used by two UEs for preamble transmission on two different cells, both UEs would be monitoring the Msg2 PDCCH addressed with the same RA-RNTI and searching for the same RAPID in the MAC header; hence ambiguity of the target UE /preamble of the RAR can occur [3]. Ambiguity avoidance can be achieved e.g. by:

1. Avoid assigning the same dedicated RA preamble to more than one UE across cells. This method doesn’t scale well with the number of cells and can potentially result in a shortage of dedicated preamble.

2. Modify the MAC RAR design to allow identification of the target cell of the MAC RAR, e.g. by including a field similar to the carrier identification field (CIF) in the MAC subheader or the MAC RAR. The PCell MAC RAR(s) and the SCell MAC RAR(s) can be transmitted in the same MAC PDU. To ensure backward compatibility, the SCell MAC RAR(s) and their headers can be appended after the PCell MAC RAR(s) which are treated as padding bits by the legacy UEs. 
3. Modify the RA-RNTI calculation so that different cell could have non-overlapping RA-RNTI range, which can be achieved by introducing a integer cell offset value as follows:
RA-RNTI = 1 + t_id + 10*f_id + 60*cell-offset
Where for PCell cell-offset is 0 and for an SCell, cell-offset > 0 which can be assigned by RRC, e.g. in CrossCarrierSchedulingConfig.
In our view, among the three candidate solutions, modification to the RA-RNTI calculation seems to be the simplest in terms of specification impact and implementation complexity. Although this method expands the RA-RNTI space, it is not a serious issue since the additional RA-RNTI values required will anyway be small.

b2) Msg2 PDCCH is addressed to RA-RNTI (CSS) on the scheduling P/SCell of the SCell of Msg1
When cross-carrier scheduling is not configured, Solution b2 requires the common search space of the SCell to be defined and the UE should monitor the common search space of the SCell for Msg2 PDCCH. This avoids overloading the PCell’s common search space as is the case for Solution b1. In our understanding, RAN1 has indicated that RAN2 can make the decision on the need for defining the common search space of the SCell taking into account the overall complexity in RAN1 and RAN2. 
Observation 4: Solution b2 requires the common search space on the SCell to be defined which has the benefit of avoiding overloading the PCell’s common search space. 

Potential increase in the number of blind decodes when cross-carrier scheduling is not configured has been raised as a concern. To put things in perspective, the additional number of blind decodes for an SCell is 6 per DCI format if the common search space is monitored for the SCell for Msg2 (12 if both DCI format 1C and 1A are monitored), on top of 32 that the UE has to do for the UE-specific search space (or 48 if UL MIMO is configured).  Despite the increase, the total number of blind decodes for SCell is no worse than that of the PCell, i.e. the max number of blind decodes that the UE has to perform for a cell is not increased. Moreover, multiple TA is for advanced UEs that are capable of inter-band UL carrier aggregation, the extra increase of 6 or 12 blind decodes is quite acceptable. Table 1shows the percentage increase assuming 2 TAGs for UEs of different CA capabilities. Although RAN1 has indicated preference not to increase the number of blind decodes, at the same time RAN1 has also indicated that there exist solutions that do not require an increase in the number of blind decodes. It should be noted that when cross-carrier scheduling is configured, the Msg2 PDCCH is transmitted on the scheduling cell, which can be the PCell or another SCell. The number of blind decodes is not increased in this case. 

Table 1: % increase in the number of blind decodes assuming 2 TAGs for UEs of different CA capabilities.

	Increase in BD assuming 2 TAGs
	6 
	12

	% increase for UE capable of 2-cell CA
	6/(44+32)  = 7.89%
	12/(44+32)  = 15.79%

	% increase for UE capable of 3-cell CA
	6/(44+32+32)  = 5.56% 
	12/(44+32+32) = 11.11%

	% increase for UE capable of 4-cell CA
	6/(44+32+32+32) = 4.29%
	12/(44+32+32+32) = 8.57%

	% increase for UE capable of 5-cell CA
	6/(44+32+32+32+32) = 3.49%
	12/(44+32+32+32+32) = 6.98%


Observation 5:  Percentage increase in the number of blind decodes assuming 6 or 12 additional blind decodes in the common search space of the SCell is quite acceptable particular for advanced UE that is capable of inter-band UL CA. However, as indicated by RAN1, Solution b2 does not necessarily imply an increase in the number of blind decodes for an SCell.
When cross-carrier scheduling is not configured, the Rel-8/9/10 RA procedure can be reused (almost) completely as the SCell RA procedure.

When cross-carrier scheduling is configured, the RARs of multiple cells for multiple UEs can be sent on the scheduling cell. Similar to Solution b1, the target UE / preamble ambiguity issue can occur and the candidate solutions as listed before under Solution b1 can also be considered here. Similar as before, modification to the RA-RNTI calculation is the simplest in terms of specification impact and implementation complexity. 

When comparing with the other solutions, Solution b2 has a high degree of compliance with the Rel-10 principles.

Observation 6:  Solution b2 has a high degree of compliance with the Rel-10 principles.
b3) Msg2 PDCCH is addressed to C-RNTI (USS) on the PCell or on an SCell configured with PDCCH
Among the three solutions, the solution of Msg2 PDCCH being addressed to C-RNTI on the UE-specific search space on the PCell or on an SCell configured with PDCCH represents the biggest departure in design from the Rel-8/9/10 RACH procedure. For this solution, not only that the Msg2 PDCCH is no longer addressed to RA-RNTI, a new type of MAC CE to carry Msg2 is also needed. Potentially long discussions may be needed to decide the content of this new type of MAC CE, e.g. whether information such as RAPID, UL grant and the T-CRNTI field is still needed.
Moreover, the RAR monitoring behaviour of the UE may also need to be reviewed for Solution b3. Since HARQ is supported for C-RNTI, in principle it would be possible now to also apply HARQ for Msg2. In case the UE fails to receive the RAR within the RAR window, HARQ retransmission of the RAR may happen after the RAR window has expired, whether the UE can still consider the retransmitted RAR to be valid need to be discussed. 
In addition, since Msg2 PDCCH is addressed to C-RNTI, if DRX is configured, how DRX active time interacts with the RAR monitoring window may need further discussions, e.g. the DRX active time may need to be modified to include the whole period where the RAR is pending after the transmission of RA preamble. Note that this is not an issue in Rel-8/9/10 since DRX functionality does not affect monitoring of PDCCH addressed to RA-RNTI.
Based on the above discussions, it is clear that this solution requires significant specification effort and also incurs the most significant implementation and testing effort. Therefore, stronger justification is required on accepting this solution especially if other alternatives that more adhere with the Rel-8/9/10 principles are available.
Observation 7: Solution b3 requires significant specification, implementation and testing effort which may include:
· Design of new MAC CE

· New RAR monitoring behaviour/reception, including HARQ
· Change to DRX active time definition
An alternative which can be considered to circumvent the specification impact as mentioned above is as follows:
Solution b3’: Msg2 PDCCH is addressed to RA-RNTI transmitted in USS defined by the C-RNTI on the PCell or on an SCell configured with PDCCH
For solution b3’, the need for new MAC CE can be avoided. The Rel-8/9/10 RAR monitoring and reception can also be reused and DRX active time definition need not be changed.
Since Msg2 PDCCH is addressed to C-RNTI in the UE specific search space, Solution b3 also cannot support contention-based random access, and even prevent the support of it in the future release. Therefore, it is also the most restrictive solution in this sense.
Observation 8: Solution b3 cannot support CBRA
Table 2 summarises the pros and cons of Solution b1, b2, b3 and b3’.
Table 2: Summary of comparison among Solution b1, b2, b3 and b3’
	
	Solution b1
	Solution b2
	Solution b3
	Solution b3’

	Compliance with Rel-8/9/10 principles
	Low
	High
	Low
	Low

	Change in Random Access Procedure
	Small
	Small
	Large
	Small

	Change in MAC RAR design
	No 
	No
	Yes
	May be

	Impact on DRX active time
	No
	No
	Yes
	No

	PDCCH load/blocking increase on PCell
	Yes
	No
	No
	No

	Need to define Common Search Space on SCell
	No
	Yes
	No
	No

	Support of CBRA 
	Yes
	Yes
	No
	No

	Scalability with the number of TAGs
	Poor
	Good
	Good
	Good


3 Proposal
Based on the analysis in the previous section, our preference is Solution b2: Msg2 PDCCH is addressed to RA-RNTI (CSS) on a scheduling P/SCell of the SCell of Msg1.  
When cross-carrier scheduling is configured, the RA-RNTI calculation is modified slightly to separate the RARs for different cells:

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

Where for PCell cell-offset is 0 and for an SCell, cell-offset > 0 which can be assigned by RRC, e.g. in CrossCarrierSchedulingConfig.
4 Conclusions
We presented our views on the issue of Msg 2 location for SCell RA and would like to propose the following:
1. Msg2 PDCCH is addressed to RA-RNTI (CSS) on the scheduling P/SCell of the SCell of Msg1;
2. When cross-carrier scheduling is configured, the RA-RNTI calculation is modified slightly to separate the RARs for different cells:
RA-RNTI = 1 + t_id + 10*f_id + 60*cell-offset
Where for PCell cell-offset is 0 and for an SCell, cell-offset > 0 which can be assigned by RRC, e.g. in CrossCarrierSchedulingConfig.
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