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1 Introduction

In RAN2#69 it was agreed that RACH should be allowed on multiple CCs for carrier aggregation. The meeting also discussed how the UE should make the selection of which RA resource to use and agreed that at least all configured UL CCs with RA resources and with a corresponding activated DL CC should be considered. 

In this discussion we analyze the agreed solution and propose a way forward for random access resource selection in carrier aggregation. 

2 Discussion

An UE will mainly perform random access either to obtain initial access to the network or due to lost synchronization. The NW may also trigger the UE to perform random access. With the current agreement in RAN2, the UE may perform random access on any UL CC which has a corresponding active DL CC. Initial random access will always be performed on the UL PCC, so in that case RA on multiple CCs is not a relevant case.

The main reason for activating secondary component carriers is to provide more throughput/bandwidth to and from the UE. However, when the data transfer ends it is expected that the eNB will deactivate all DL SCC in order to save battery power. 

In Rel-8/9 an UE will normally remain synchronized as long as there is a continuous data flow. When the UE has not been transmitting UL data for a while and wants to start again, it must perform a random access if the timing alignment timer (TAT) has expired. When the the TA timer (TAT) expires the UE needs to perform random access in order to stay synchronized. The eNB is in charge of controlling the TAT and will provide timing advance commands to make sure that the TAT is restarted as long as there is a continuous data flow from the UE. 
In RAN2#69 the following agreements were made:
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When the UE is to attempt RA after TAT expiry, we can assume that the the DL SCCs have been deactivated prior to TAT expiry in order to save battery. With the current RAN2 agreement, this will in practice mean that the only ULCC(s) with a corresponding active DL CC to select from would be the UL PCC which is linked to the to DL PCC (which cannot be deactivated). Hence allowing random access only on configured UL CCs with an active DL CC and RA resources will in principle be the same as only allowing random access on UL PCC. Thus we will not be able to enjoy any of the benefits discussed for RA on multiple CCs, such as latency reduction and load balancing. Still we would have to handle the additional complexity of specifying and implementing RA on multiple CCs even though not using it. 

Based on this conclusion, RAN2 might want to reconsider the agreement made during the last meeting with regards to RA on multiple CCs. As we see it, there are two possible ways forward: 
· Alternative 1: Extend the existing agreement to include also UL CCs with a deactivated corresponding DL CC. This would keep the higher complexity of the agreed solution, but there would be some gain with regards to latency and load balancing.
· Alternative 2: Revert the existing RAN2 agreement and allow RA on UL PCC only. The performance gain would be the same as the agreed solution, but the complexity would be significantly lower since Rel-8/9 mechanisms can be fully re-used.
2.1 Alternative 1: Extend the existing agreement to include also UL CCs with a deactivated corresponding DL CC
Extending the current agreement to support RA on any configured UL CCs (including those with a configured but deactivate DL CC) would mean some gain in latency and RA capacity, but it would not reduce the complexity with regards to UL RLF handling and DL CC activation compared to Rel-8/9.
Since the UE may perform RA on more than one UL CC, with this alternative it could be provided with more frequent random access opportunities without increasing the amount of RA resources provided per UL CC. Also, allowing RA on any UL CCs would also be useful for load balancing, i.e. in case the RACH resources on one UL CC would be overloaded, then the UE could just select another UL CC to perform random access on. 

2.1.1 UL RLF complexity

Allowing RA on any UL CC will unfortunately complicate the UL RLF handling, even if UL RLF is only dependent on the UL PCC, there will be some added complexity when allowing RA on multiple UL CC. For example, the UE is not aware if one of its UL CCs, including the UL PCC, has lost coverage. At TAT expiry the eNB will not know if the UL PCC has coverage unless it receives a RA preamble on the UL PCC. Hence, in case the UE selects a UL SCC for RA (either due to some selection mechanism or due to exceeding preambleTransMax on PCC) and performs a successful RA, the UL PCC could be failed without either part knowing for sure until the eNB realizes that it has not received the UL PUCCH HARQ feedback for Msg4 for the RA on the UL SCC. Currently there is no mechanism for the eNB to the order the UE to perform re-establishment upon such a discovery. Hence the eNB would need to either change the PCC handover to the UL SCC by sending a RRCConnectionReestablishement message., or Or the eNodeB could possibly attempt a PDCCH order on the DL PCC (if it is still within coverage) so that the UE can detect RLF on the DL UL PCC. 
If the UE is not successful with the RA on the selected UL CC, it could end up in a loop of RA attempts until preambleTransMax is exceeded on all UL CCs and the UE may perform Re-establishment. The UE would also need to maintain a separate preambleTransMax for each UL CC.
2.1.2 DL CC activation complexity

In order to support RA also on UL SCCs with a corresponding deactivated but configured DL CC, we would need to consider how this DL CC could be activated. The current DL CC activation is performed from the eNB and not only contains an order for the UE to start listening to the DL CC, but may, depending on RAN1 decisions, also contain the necessary PUCCH configuration. The PUCCH configuration is needed in order to provide the HARQ ACK/NACK for Msg 4. In order to have an UE based DL CC activation, we need to come up with a solution that allows an implicit UE triggered DL CC activation without PUCCH configuration from the eNB. Alternatively, the PUCCH configuration could be provided by the eNodeB as part of DL CC configuration and be independent of the activation. 
2.2 Alternative 2: Revert existing agreement and allow RA on UL PCC only
The benefits of supporting RA on the PCC only would be that both the RA procedure and the UL RLF handling would be equivalent to Rel-8/9 behaviour. If the random access is successful the eNB may give the UE a grant either for the UL PCC or any configured UL SCC. Depending on support for cross-scheduling or not, the eNB may or may not need to activate the corresponding DL SCC first. If the RA is not successful the UE will declare RLF and then perform re-establishment using RA resources on any CC (which will then become the new UL PCC) according to Rel-8/9 behaviour.
The drawback of limiting RA to the UL PCC is that the UE will miss out on the benefits of reduced access delay and gain in random access capacity which it would have been able to have if RA is allowed on multiple CCs.

3 Conclusion

As described above, with the current agreement to support RA on UL SCCs if the corresponding DL SCC is activated, we get all the complexity but no gain. Therefore it seems reasonable to either extend the existing agreement o achieve some performance gain (Alternative 1) or to revert it in order to gain simplicity (Alternative 2).  

Even though we are confident that RAN2 could find a solution for Alternative 1, we currently do not see that the expected gain in terms of latency and RA capacity justifies the added complexity, especially for RLF.

We therefore would prefer a solution according Alternative 2, and would like to ask RAN2 to to take the following proposal into consideration:
Proposal 1: Restrict the UE to perform RA on the UL PCC only.
Agreements:


1:	As a baseline, the use of RACH for RRC connection establishment and re-establishment 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. 


2: 	UE can be configured with multiple RACH on PCC and/or SCC’s


3:	For “UL data arrival” and “DL data arrival with contention based access” UE can select from the configured RACH’s which one to use, at least from the RACH’s which correspond to an activated DL CC. �- FFS if RACH’s correspond to deactivated DL CC can be selected
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