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1. Introduction
At RAN#51 in Kansas City, a new Work Item “LTE Carrier Aggregation Enhancements” (RP-110451) [1] was approved for Release 11. The option of introducing multiple uplink Timing Advances is treated as a mandatory function in the scope of this Work Item.
At RAN2#73bis and RAN2#74 meetings, some initial discussions against multiple TA have taken place, and the following agreements were reached:

· RAN2 will work on RACH on SCell based solution.
· TA group concept is introduced
· only network triggers RACH on SCell for (initial) time alignment purposes, FFS for UL data arrival case

· PDCCH order initiated RACH supported on SCells, FFS if any other mechanism will be introduced

· non-contention RACH is supported for SCells, FFS if contention based RACH access is supported for SCells

· FFS whether there is simultaneous PRACH sequence transmission

This contribution start with the analysis against the drivers of introducing RACH on SCell, and then try to addresses the open issues listed above.
2. Discussion
2.1
Drivers for PRACH on multiple cells
In Rel-10 Carrier Aggregation, PRACH is only configured on PCell, and so the Random Access procedure can only be initiated on PCell. For Rel-11, the requirements of PRACH on multiple cells may come from the following reasons:
Reason 1: More random access attempts

Reason 2: RRC Connection Establishment/Re-establishment

Reason 3: Handover

Reason 4: DL data arriving

Reason 5: UL data arriving
For Reason 1, according to the discussion in Release 10, the RA overload situation caused by more UEs supported by CA is not significant, and there is no strong voice to increase the number of component carriers in Rel-11. From this perspective, Reason 1 can be excluded from the key driver of introducing random access in multiple cells.
Observation 1: Random Access load is not a key driver of introducing PRACH in multiple cells.

Fore Reason 2, the RRC connection establishment/re-establishment procedures are initiated when the UE is in Idle mode, and the random access procedure only make the UE setup a RRC connection with a single cell. In this sense, random access is not needed in any cell other than the PCell, not mention the cells belonging to another UL timing group.
Observation 2: RRC Connection Establishment/Re-establishment is not a key driver of introducing PRACH in multiple cells.

Fore Reason 3, when a UE configured with multiple cells is handed over from an eNB to another eNB, a random access procedure needs to be initiated in the target PCell. With this RA procedure, the uplink timing for the target PCell and its brother SCells in the same UL timing group is acquired. In the target SCells which are not in the same UL timing group with the PCell, UE is still not synchronized to the network, this may impact the subsequent communication of the UE with network in these cells. However, since the RRC connection between the UE and target eNB is established anyway, and it is highly possible for the eNB to initiate a reconfiguration procedure following the HO completion, it seems enough for the UE to have a single PCell plus zero or more SCells in the same UL timing group, the resource in more timing groups is only an optimization. Therefore, it is suggested that the handover scenario is not treated as a key driver of introducing PRACH in multiple cells.
Observation 3: Handover is not a key driver of introducing PRACH in multiple cells.

For Reason 4, when the UE is configured with multiple cells belonging to multiple UL timing groups, upon DL data arrival, the eNB may choose to schedule downlink data through SCells in any UL timing group for load balancing purpose. If the selected cell is not in the same UL timing group with PCell and is not uplink synchronized with eNB, it does not impact anything since the HARQ feedback on UL is carried on PCell.
Observation 4: DL data arrival is not a key driver of introducing PRACH in multiple cells.

For Reason 5, UE may select one of the 2 methods to initiate random access procedure:

Method 1: The UE may prefer to send UL data in any cell, including the cells not belonging to the same UL timing group with PCell. If the selected cell is not UL synchronized to the network, a random access procedure is initiated by the UE to acquire UL synchronization with the network.
Method 2: The UE may send an SR on PUCCH of PCell to request UL resources, then eNB can respond with a PDCCH order with a dedicated preamble allocation for the UE to initiate a non-contention based RA procedure.

For either of the two methods, PRACH on SCell is needed for the UE to acquire initial UL synchronization with SCell.

Observation 5: UL data arrival is a key driver of introducing PRACH in multiple cells.

According to the above observations, it is natural to focus on the scenarios of UL/DL data arrival for the introduction of PRACH in multiple cells.
Proposal 1: Design of PRACH in multiple cells should be based on the requirements of DL/UL data arrival.
2.2 Only network initiated RACH on SCells?
For DL data arrival, eNB can initiate a non-contention based RA procedure, by allocating a dedicated preamble to the UE through PDCCH ordering. This can reduce the possibility of collision between different UEs and enable quick resumption of data transmission for UE, without extra delay introduced by contention resolution and possible RA re-attempts.

For UL data arrival, in theory the UE can select any SCell to initiate a random access procedure. However, it is highly possible that in some cases UE has to initiate a contention based random access procedure, in the SCell without UL synchronization. If the UE chooses another way, i.e., sending SR on PUCCH of PCell, and as a response, the eNB may decide to initiate a non-contention based RA procedure with an dedicated preamble. Even for a certain period without PUCCH on PCell, a random access can be initiated on PCell, not necessary to be the SCell.
Proposal 2: For UL&DL data arrival, only PDCCH order initiated random access procedure is used for RACH on SCell.
From the above analysis, it is obvious that the RA procedure initiated by PDCCH order can well meet the requirements of UL/DL data arrival, so there is no need to introduce other mechanism of RA trigger.

For the PDCCH ordered RA procedure, can the eNB always guarantee the availability of dedicated preamble when UL/DL data arrives? It seems not, since the number of dedicated preambles reserved should be limited, to guarantee enough shared preambles for other purposes. To allow eNB initiate an RA procedure in the scenario without dedicated preamble, contention based RA procedure should not be excluded from the standard.

Proposal 3: Contention based RA procedure should be supported in the SCell.
2.3 Parallel RACH
If RAN2 can agree that maximum 2 UL timings are needed and that only PDCCH order initiated RA procedure is supported, then the occurrence possibility of parallel RACH is very limited. Even though a UE has the capability of supporting parallel RA procedures, it brings little gains to the system. To avoid introducing extra requirements for the UE, it is suggested that parallel RACH is not supported in Release 11. 
Proposal 4: No simultaneous RACH transmission is supported by a UE in Release 11.
3. Conclusion
This contribution identified the issues related to multiple UL Timing Advances of Carrier Aggregation, the following suggestions are given:
Proposal 1: Design of PRACH in multiple cells should be based on the requirements of DL/UL data arrival.

Proposal 1 is given according to the analysis against all possible drivers of introducing PRACH in multiple cells, with the following observations:

Observation 1: Random Access load is not a key driver of introducing PRACH in multiple cells.

Observation 2: RRC Connection Establishment/Re-establishment is not a key driver of introducing PRACH in multiple cells.

Observation 3: Handover is not a key driver of introducing PRACH in multiple cells.

Observation 4: DL data arrival is not a key driver of introducing PRACH in multiple cells.

Observation 5: UL data arrival is a key driver of introducing PRACH in multiple cells.

Proposal 2: For UL&DL data arrival, only PDCCH order initiated random access procedure is used for RACH on SCell.

Proposal 3: Contention based RA procedure should be supported in the SCell.
Proposal 4: No simultaneous RACH transmission is supported by a UE in Release 11.
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