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1
Introduction

Carrier aggregation has the potential to introduce additional complexity and changes to UE behaviour because a UE could be permitted to use RACH resources on more than one uplink CC. So far it has not been discussed whether UEs that are configured for carrier aggregation can be configured to use more than one RACH and, if so, the changes in UE behaviour that would be required. This Tdoc is intended to identify some of the issues that may need to be decided.
2
Discussion
For many of the uses of RACH, the UE behaviour relating to RACH could be expected to be similar to Rel-8. 

For initial access and RRC connection re-establishment following cell reselection, the UE can be expected to be working with a single DL and UL carrier pair and will use the RACH parameters defined by system information. UE behaviour could be expected to be the same as in Rel-8.

Similarly, for handover, it is assumed here that the UE will use a single UL carrier and it’s associated RACH to initiate communication with the target cell. The UL carrier and RACH parameter would be indicated in the handover command. Even if multiple UL CCs in the target cell are indicated to the UE prior to handover execution, it seems likely that a specified single UL CC and RACH would be used for execution and, consequently, the UE behaviour in relation to RACH for handover could be the same as in Rel-8. If the concept of a primary carrier is agreed, it could be discussed if the carrier supporting RACH for the handover is also the primary carrier for the UE in the target cell.
If it is necessary to support multiple timing advance, as a baseline, handover can be completed using a single RACH and Rel-8 procedures with remaining timing corrections being obtained subsequently via PDCCH order. 

Consequently it is proposed that:-

P1:
As a baseline, the use of RACH for RRC connection establishment, re-establishment and handover is based on RACH parameters and a single carrier pair using parameters obtained from system information or from dedicated signalling. RACH procedures conform to Rel-8.
Whenever a UE is configured for carrier aggregation with more than one DL CC, there exists the potential for the UE to be configured with more than one RACH. Even in the case of only one UL CC being configured there is the possibility for multiple RACH via RACH partitioning. If the principle of a primary carrier is adopted, it could be expected that the UE will always have a RACH available on the linked UL CC/ DL CC primary carrier pair.
It can be argued in favour of providing a UE with multiple carriers that multiple carriers can distribute the loading on the RACHs effectively increasing RACH capacity and potentially reducing latency. Multiple RACH may also provide some diversity in case of RACH failure. However, it could also be argued that UEs that are configured for carrier aggregation, and therefore having high activity levels, may not use RACH frequently and multiple RACH does add complexity.
To progress the topic it is proposed that RAN2 should discuss whether:-
P2: 
As a baseline, a UE configured for carrier aggregation can be configured with:-


a.   A single RACH, the RACH is provided by the primary carrier (if adopted).

b. More than one RACH, including the RACH that is provided by the primary carrier (if adopted).
 It is noted that, if support of multiple timing advance groups is identified as necessary, a UE will need to be configured with at least one RACH for each timing advance group to enable PDCCH order in each timing group.
2.1 UE behaviour relating to RACH with carrier aggregation 
If it is accepted, as has been proposed above, that RACH operations for RRC connection establishment, re-establishment and handover make use of Rel-8 RACH procedures using a single RACH and associated DL/UL CC pair identified from system information or from the handover message, there remains the topics of RACH initiated by MAC, i.e. BSR transmission, and RACH initiated by PDCCH order.

For the case of PDCCH order it is proposed that:-

P3: a. 
As a baseline, the RACH used for PDCCH order is that associated with the DL CC on which the PDCCH order is received i.e. the RACH used must be associated with a DL CC for which the UE receives PDCCH.
b. The RACH procedure for PDCCH order, i.e. signature transmission and RAR reception, conforms to the existing Rel-8 RACH procedures.

c. Where the UE has UL CCs that share the same timing advance, MAC applies a received timing advance to all UL CCs that are in the same group as that providing the RACH. 

The proposal excludes from the baseline cross carrier scheduling for PDCCH order. It should be discussed whether this would be useful to allow this e.g. if we support multiple timing advance.
The UE would transmit signatures and monitor for the RAR on the DL/UL CC pair that supports the RACH. It is assumed that where a UE has RACH configured on more than UL CC that share the same timing advance, a PDCCH order can be initiated for any of the RACHs provided that the UE is monitoring PDCCH on the associated DL CC. The issue of RACH failure during a response to a PDCCH order is identified in [2]. 
 For the case of RACH initiated by MAC there are a number of additional topics that may need to be addressed:-
-
If a UE is configured with multiple RACHs, a mechanism will be required to enable the UE to select which RACH to use for each access attempt. 
-
Once a RACH has been selected then the procedure to be adopted by the UE in selecting successive signatures and later stages of the RACH procedure must be defined. The simplest approach, consistent with the case of having a single RACH configured, is that the UE completes the RACH process on the same RACH resource and associated DL/UL CC pair until the RACH procedure completes successfully or fails, the procedure conforming to Rel-8/9. This would entail the UE selecting successive signatures for the same RACH, obeying backoff control, monitoring for the RAR, msg3 and msg4 and contention resolution without changing RACH. It could be taken as a baseline. Changing RACH if backoff is detected could reduce a UEs latency, but it might also transfer congestion between the RACHs.
-
If it is agreed that, where a UE is configured with multiple RACHs, RACH failure is detected only after all RACHs used in succession result in failure, failure of a RACH being as defined in Rel-8 [2], then a mechanism will e required to define the sequence in which the RACHs are used.

Following from the above the following is proposed:-

 P4: a. 
Where RACH is initiated by MAC, it is taken as a baseline that the RACH procedure continues using Rel-8 procedures on the single UL/DL CC pair associated with the RACH until completion (msg 4) or until failure. This does not preclude enhancements. 

b. If a UE is configured with multiple RACH, a mechanism is required by which the UE selects between them before starting a RACH procedure. Its form is FFS. Does the mechanism utilise all configured RACH or only those for which the associated DL CC is active.
c.
Where the UE has UL CCs that share the same timing advance, MAC applies a received timing advance to all UL CCs that are in the same group as that providing the RACH

3

Conclusion

This Tdoc has been directed at identifying open issues relating to RACHs configuration for carrier aggregation. The following have been identified:-
P1:
As a baseline, the use of RACH for RRC connection establishment, re-establishment and handover is based on RACH parameters and a single carrier pair using parameters obtained from system information or from dedicated signalling. RACH procedures conform to Rel-8.

P2: 
As a baseline, a UE configured for carrier aggregation can be configured with:-


a.   A single RACH, the RACH is provided by the primary carrier (if adopted).

b. More than one RACH, including the RACH that is provided by the primary carrier (if adopted).
P3: a. 
As a baseline, the RACH used for PDCCH order is that associated with the DL CC on which the PDCCH order is received i.e. the RACH used must be associated with a DL CC for which the UE receives PDCCH.

b. The RACH procedure for PDCCH order, i.e. signature transmission and RAR reception, conforms to the existing Rel-8 RACH procedures.

c. Where the UE has UL CCs that share the same timing advance, MAC applies a received timing advance to all UL CCs that are in the same group as that providing the RACH

P4: a. 
Where RACH is initiated by MAC, it is taken as a baseline that the RACH procedure continues using Rel-8 procedures on the single UL/DL CC pair associated with the RACH until completion (msg 4) or until failure. This does not preclude enhancements. 

b. If a UE is configured with multiple RACH, a mechanism is required by which the UE selects between them before starting a RACH procedure. Its form is FFS. Does the mechanism utilise all configured RACH or only those for which the associated DL CC is active.
c.
Where the UE has UL CCs that share the same timing advance, MAC applies a received timing advance to all UL CCs that are in the same group as that providing the RACH.
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