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Discussion and Decision

1
Introduction
At WG2#73bis it was agreed that RAN2 would defining a mechanism for maintaining timing synchronisation for two or more sets of carriers that have independent timing corrections based on RACH. Whilst the principles on which this will work are probably already quite clear, the details have not yet been agreed. This Tdoc is intended to identify open issues and propose solutions for the case where multiple RACH is used to implement multiple timing advance.
2
Discussion
The existence of more than one set of cells that has independent timing correction will not change the way in which the timing correction operates in the set of cells that has the same timing advance as the Pcell, this will remain unchanged as in Rel-8/9/10. Furthermore, cells that share common timing advance can be grouped together. 
P1:
Cells are assigned to groups and a common timing correction is applied to all cells within a group. There is one group for each independent timing advance.
-
One group contains the Pcell and none, one or more than one Scells. This could be regarded as the default (Rel-8) group. Additional groups contain one or more SCells
-
The UE is informed of the group to which each Scell belongs by RRC configuration signalling.
-
RRC must ensure that the assignment to groups is compatible with practical UE implementation. 
From a RAN2 perspective the number of groups that are supported may only impact on UE capability and the parameter ranges used in RRC signalling, for implementation, however, it is significant because each timing advance group probably maps to a separate Tx/Rx chain. Taking account of the scenarios that are being addressed i.e. scenarios 4 and 5, it seems unlikely that a UE would work through more than one relay or remote radio head. Consequently:-
P2:
For Rel-11 the number of timing advance groups is limited to at most two, one group containing the Pcell and one group containing only Scells.

Possibly we should ask RAN4 if this is a realistic conclusion.
It seems logical that the operation of timing advance management in the Pcell group should remain unchanged and that timing advance management in the one, or more, Scell based groups should be as common as is possible, consequently:-
P3:
The maintenance of timing advance in an Scell group should be as common as possible with that used in the Pcell group i.e. Rel-8. Specifically:-

a.
Initial timing advance is obtained from a RAR associated with RACH supported by an Scell that is part of the group. The advance is applied to all cells of the group.

b.
Timing advance corrections are received via TA MAC CEs and are applied to all cells of the group.
c.
Each group operates an independent timing advance timer. It is restarted as in Rel-8 by the receiving of a timing correction. A common timing advance timer parameter value can be applied to all TA groups.
The eNB maintains timing correction via the TA MAC CE. Because there is more than one one timing advance to correct, it becomes necessary to identify which TA group a MAC CE relates to. One option is to identify the TA group that the MAC CE relates to from the cell on which it is received. A second option is to modify the TA MAC CE to include a TA group identifier. If the number of timing advance groups is restricted to two then it may be possible to modify the MAC CE without increasing its length.
We do not have a strong opinion regarding which way to go. Identifying the TA group in the MAC CE would allow it to be transmitted on any DL cell but requires a change to the CE, identifying by the cell it is received on restricts transmissions but requires no change to the MAC CE. To choose one, we propose:-
P4:
The TA group to which a MAC CE relates is identified from the TA group of the cell on which it is received.

The UE will obtain an initial timing advance and maintain timing advance through RACH procedures using RACH on an SCell in the SCell only TA group. This raises a number of issues relating to RACH provision and operation within an SCell only TA group, including at least the following:-
-
The RACH configuration for at least one SCell in the TA group must be indicated to the UE by RRC but should it be permitted to indicate a RACH for more than one SCell in the group.
-
Should the UE only respond to PDCCH order commands on RACH or can the UE make transmissions initiated by MAC on the RACH i.e. send BSR reports on the SCell RACH.

-
Can the SCell supporting RACH be cross carrier scheduled.

Whilst the existence of an additional RACH or RACH’s offers the possibility of RACH load sharing, it seems likely that a UE configured for carrier aggregation will also be configured with SR bits and therefore the likelyhood of the UE needing to initiate RACH transmissions itself  could be quite small. It could therefore be sufficient if these RACH transmissions are made only on the PCell and the SCell RACH is used only for PDCCH orders. 
P5:
RACH on an SCell is not used for RACH initiated by UE MAC. RACH on SCell is used only for PDCCH order.
This implies that after activating one or more SCells in a TA group the eNB whose timing advance timer has expired, the eNB must initiate and the UE must successfully complete a PDCCH order before the SCells can be used. Furthermore, the eNB should not transmit a PDCCH order to the UE for an SCell RACH if the SCell has not been activated. This may reduce flexibility but has the merit of simplicity.
Whilst it would be possible to assign more than one SCell RACH to an SCell TA group there seems to be little gain, i.e. possibly a small distribution of load and flexibility in which SCells are activated. Consistency with the PCell group and simplicity suggests that allocating only one SCell RACH to an SCell TA group should be sufficient.

P6:
Only one SCell in an SCell TA group has its RACH indicated to the UE. 

For the UE to be able to receive a PDCCH order and receive the RAR it is necessary that it should be receiving PDCCH on the SCell that supports the SCell RACH. For simplicity this implies that cross carrier scheduling is not applied to the SCell for which RACH is assigned.
P7:
Cross carrier scheduling is not applied to an SCell if RACH is indicated for that cell.

There exists the possibility that a UE receives a PDCCH order for the SCell timing advance group that overlaps with RACH activity on the PCell either as a result of a PDCCH order for the PCell or RACH initiated by the UE MAC. There is the question of whether the simultaneous use of RACH on more than one cell should be excluded. It is proposed that the UE behaviour in this case is left to UE implementation.

P8:
If RACH is initiated for the PCell and SCell such that they overlap, it is left to UE implementation whether the UE continues with one or both RACH events. The UE prioritises between the two events.

The question of simultaneous transmission of RACH in one timing advance group and PUSCH/PUCCH in the other may also need to be addressed.

It is assumed that there is no change in the Rel-10 configuration of CSI and Ack/Nack being allocated on the PCell only as a result of multiple timing advance. Consequently, if the TA timer expires for an all SCell TA group, the actions that should be taken are fewer than if the TA timer associated with the PCell expires. The UE should not transmit in the uplink on any SCell for which the TA timer has expired except for RACH and should clear all HARQ buffers but is it necessary to release SRS resources of the SCells. Because the eNB may allow the TAT for the SCell group to expire whilst maintaining the TAT of the PCell group, retaining the SRS resources could save the overhead of reconfiguration. The SRS resources could be released only when the TAT for the PCell and the TAT for the SCell group expires. Consequently, it is proposed that:-

P9: 
If the TA timer for the SCell group expires but that for the PCell has not the UE should not transmit in the uplink, except for RACH, on any SCell associated with the expired timer. It should also flush the HARQ buffers of the associated SCells but does not release SRS resources of the group.
An interesting situation could occur if the TAT for the PCell group expires but that for the SCell group has not. Because the PCell timer has expired, the UE cannot acknowledge data received by cells in the SCell group neither can it signal CQI for these cells, consequently the utility of the SCell group is doubtful. 
P10:
RAN2 should consider what the UE behaviour should be if the TA timer associated with the PCell expires before the timer associated with the SCell has expired.

3
Conclusion
This Tdoc has identified a number of open issues relating to multiple timing advance managed by multiple RACH. The following proposals have been made.
P1:
Cells are assigned to groups and a common timing correction is applied to all cells within a group. There is one group for each independent timing advance.

-
One group contains the Pcell and none, one or more than one Scells. This could be regarded as the default (Rel-8) group. Additional groups contain one or more SCells

-
The UE is informed of the group to which each Scell belongs by RRC configuration signalling.

-
RRC must ensure that the assignment to groups is compatible with practical UE implementation. 
P2:
For Rel-11 the number of timing advance groups is limited to at most two, one group containing the Pcell and one group containing only Scells.

P3:
The maintenance of timing advance in an Scell group should be as common as possible with that used in the Pcell group i.e. Rel-8. Specifically:-

a.
Initial timing advance is obtained from a RAR associated with RACH supported by an Scell that is part of the group. The advance is applied to all cells of the group.

b.
Timing advance corrections are received via TA MAC CEs and are applied to all cells of the group.

c.
Each group operates an independent timing advance timer. It is restarted as in Rel-8 by the receiving of a timing correction. A common timing advance timer parameter value can be applied to all TA groups.

P4:
The TA group to which a MAC CE relates is identified from the TA group of the cell on which it is received.

P5:
RACH on an SCell is not used for RACH initiated by UE MAC. RACH on SCell is used only for PDCCH order.

P6:
Only one SCell in an SCell TA group has its RACH indicated to the UE. 

P7:
Cross carrier scheduling is not applied to an SCell if RACH is indicated for that cell.

P8:
If RACH is initiated for the PCell and SCell such that they overlap, it is left to UE implementation whether the UE continues with one or both RACH events. The UE prioritises between the two events.

P9: 
If the TA timer for the SCell group expires but that for the PCell has not the UE should not transmit in the uplink, except for RACH, on any SCell associated with the expired timer. It should also flush the HARQ buffers of the associated SCells but does not release SRS resources of the group.

P10:
RAN2 should consider what the UE behaviour should be if the TA timer associated with the PCell expires before the timer associated with the SCell has expired.

