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1 Introduction
There was extensive discussion in RAN2#75 on details of the RACH procedure for timing acquisition of SCells [1]. The main questions that came up relate to where the RACH response message is transmitted. To arrive at an answer, the following questions need to be considered:
· Should cross carrier scheduling of the RACH response be supported?

· Are additional blind decodes for receiving RACH response an issue?
· Should contention based random access be supported for SCell?

This contribution discusses the details of the above. 

2 Discussion

Support for Cross Carrier Scheduling of RAR
Cross carrier scheduling of data is supported in Release 10. It is necessary for scenarios where the UE is unable to receive PDCCH on an SCell due to interference in the control region from other cells (e.g., pico cells) on the SCell frequency. 
In Release 11, carrier aggregation work will support scenarios where the secondary carrier will have RRHs and/or repeaters deployed. Thus, timing advance for SCells on the secondary carrier will have to be maintained independent of the timing advance for the primary cell. Interference in the control region is anyway possible. Since timing advance is communicated to the UE in an RAR message, it is necessary to be able to transmit at least the PDCCH for RAR on the scheduling cell for the SCell. Alternatively, the entire RAR message (PDCCH and PDSCH) could be transmitted on a cell other than the SCell on which RACH was performed.
Proposal 1: If an SCell is configured for cross carrier scheduling, one of the following shall be possible in response to a RACH transmission on the SCell:

1. transmission of PDCCH for the RAR on the scheduling cell of the SCell and PDSCH for the RAR on the SCell; or

2. transmission of the entire RAR (PDCCH and PDSCH) on a cell other than the SCell on which the RACH transmission occurred.

Additional Blind decodes for RAR reception

A PDCCH addressed by RA-RNTI is transmitted in the common search space (CSS). If a UE has to monitor RA-RNTI on SCells, the total number of blind decodes that the UE needs to perform increase (in Rel-10, UE is not expected to perform blind decodes in the CSS of Secondary Cells). For the case of no cross-carrier scheduling, this is as simple as enabling blind decodes for RA-RNTI in the CSS of Scells. For the case of cross-carrier scheduling, the additional blind decodes for cross-carrier RAR PDCCH have to be somehow enabled in the  scheduling cell’s CSS, while giving due consideration to the existing messages (i.e. legacy 1A/1C messages scrambled by RA-RNTI, SI-RNTI, etc) in that CSS.  
In the particular case of RACH on Scell, given that the primary purpose is to obtain uplink timing and that this can be performed under the eNB’s control, we think there isn’t a strong need to add extra blind decodes. Therefore, we think the UE should not be required to monitor for RA-RNTI on SCells.
Proposal 2: UE shall not be required to monitor RA-RNTI on SCells.
The RAR (addressed by RA-RNTI) could be sent on another activated cell, e.g., the PCell. In this case, the RAR message would need to indicate that it is a response to a RACH preamble transmission on the SCell (i.e., it would need to identify the SCell on which the RACH preamble was received by the eNB). This can be done in the following ways:
Option  1) Include a “RACH carrier” field in the RAR message body
Option  2) Include a “RACH carrier” field in the PDCCH for the RAR

Option  3) Make RA-RNTI a function of the “RACH carrier”

Option 1 changes the size of the RAR block in the RAR message, which can cause problems for pre-Release-11 UEs (note: the subheader for the RAR does not include a length field). So, a new Release-11 specific MAC PDU for RAR will need to be defined (which carriers only Release 11 MAC RARs). Furthermore, in order to ensure that pre-Release-11 UEs do not try to decode the Release-11 MAC RAR PDU, the PDCCH for the Release 11 MAC RAR message will need to be modified also.
Option 2 adds bits to the PDCCH, similar to the carrier indication field (CIF). However, since this PDCCH is in the common search space, it would increase the total number of blind decodes. Moreover, the “RACH carrier” has to uniquely identify the carrier on which the RACH preamble was received. The activated CCs for different UEs can be different. So, unlike for CIF (which is UE-specific), unambiguously identifying the RACH carrier can be non-trivial. 
Option 3 has similar problems as the option 2 – it may be difficult to unambiguously identify the RACH carrier. One option is to identify the RACH carrier by its CIF. That is, from the perspective of the UE, the RA-RNTI would be a function of the CIF. However CIFs are UE specific. So, if UE1 transmits a RACH preamble on CC1 (CIF of CC1 for UE1 = 1) and UE2 transmits a RACH preamble on CC2 (CIF of CC2 for UE2 = 1), then both UE1 and UE2 may look for the same RA-RNTI. Thus, the eNB would have to coordinate preamble usage across frequencies such that the same preamble is not used on different frequencies at the same time, in some cross carrier scheduling scenarios.
Alternatively, the RACH carrier can be identified by a separate cell-common identifier indexed across all carriers on which the eNB is able to receive RACH. In addition to being cumbersome, this approach would require the UEs to know the indexing prior to performing the RACH procedure; so it may be necessary to include additional signaling (of the identifier) in system information.
Option 3 additionally increases the RA-RNTI space. It also rules out  transmission of RARs for SCell RACH with other legacy RARs. Given that PDCCHs for RARs are transmitted using valuable common search space resources, the ability to transmit multiple RARs with one PDCCH (DCI scrambled by one RA-RNTI) is important.
Taking the above into account, we think the most reasonable approach is to use C-RNTI to address the RAR. Note that RAN2 has previously agreed that a PDCCH order can be used to trigger SCell RACH. Thus, in principle, the eNB knows the identity of the UE that transmitted the RACH preamble (assuming a preamble is assigned in the PDCCH order). This overcomes the problem of additional blind decodes as C-RNTI based transmission are in the dedicated search space (i.e., no additional blind decodes for RAR reception). This is a different procedure compared to Release 10 (i.e., in the new procedure UE has to look for a C-RNTI based RAR after RACH on an SCell, rather than an RA-RNTI based RAR) but it is consistent with keeping the CA-based signaling UE-specific. Furthermore we believe the specification changes are modest with the C-RNTI based approach.
Proposal 3: RAR for SCell RACH shall be addressed to the UE’s C-RNTI.
Support of Contention Based Random access on SCells

The conventional assumption is that contention based RACH (CBRA) is essential for cases such as connection establishment and reestablishment (i.e., when the access is not eNB controlled). For eNB controlled access, contention free random access (CFRA) is considered more appropriate. Thus, for SCell RACH – where PDCCH order triggers the RACH – CFRA is naturally the logical design choice, and is our preference.
Proposal 4: Contention free random access should be the first choice for SCell RACH.
However, some concerns have been raised regarding the preamble partitioning required for supporting CFRA (e.g., [2]). If indeed there is a need to support CBRA for SCell RACH, we think the PDCCH order based approach can be used.
The PDCCH order allows the eNB to signal a preamble to use for RACH on an SCell. This preamble does not have to be a CFRA preamble. If the eNB prefers to not partition/re-partition the preamble sets to support CFRA for SCell RACH, the eNB can simply signal a CBRA preamble in the PDCCH order. The difference compared to the case where the PDCCH order signals a CFRA preamble is that the UE has to perform a contention resolution procedure. Compared to the CBRA procedure in Release 10, this would require the UE to receive a C-RNTI based message 2, and transmit message 3 on the carrier on which the RACH preamble was transmitted.
Proposal 5: If contention based random access has to be supported for SCell RACH, the PDCCH order can signal a contention based preamble.
3 Summary
We have discussed various approaches to support RACH on SCells and considered related issues. Based on our considerations, we request RAN2 to discuss and agree the following proposals:

Proposal 1: If an SCell is configured for cross carrier scheduling, one of the following shall be possible in response to a RACH transmission on the SCell:

1. transmission of PDCCH for the RAR on the scheduling cell of the SCell and PDSCH for the RAR on the SCell; or

2. transmission of the entire RAR (PDCCH and PDSCH) on a cell other than the SCell on which the RACH transmission occurred.

Proposal 2: UE shall not be required to monitor RA-RNTI on SCells.

Proposal 3: RAR for SCell RACH shall be addressed to the UE’s C-RNTI.
Proposal 4: Contention free random access should be the first choice for SCell RACH.

Proposal 5: If contention based random access has to be supported for SCell RACH, the PDCCH order can signal a contention based preamble.
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