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Discussion and decision 
1 Introduction and Backgrounds
The Rel-11 work item “LTE Carrier Aggregation Enhancements” (LTE-CA-EN) has been approved in the RAN 51st plenary meeting [5], wherein the multiple timing advances will be supported in case of LTE uplink carrier aggregation for Rel-11 and beyond. In this paper, we discuss the framework of supporting multiple-TA in Rel-11 CA, with the focus on how to configure, maintain multiple TA instances and its interaction with other basic CA operations. In another paper [6], we discuss detailed enhancements on MAC procedures to enable multiple TA support.

2 Discussion

2.1 TA reference 
In Rel-10 CA, only one single TA is supported. TA related state and maintenance are only relevant to PCell. All other SCells will assume the same TA as that of PCell, i.e. PCell’s TA could be treated as reference for all other SCells. This simplifies the CA operation in Rel-10.
In Rel-11 CA with possible multiple TA, the concept of using PCell TA as reference could be extended so that UE may have multiple TA instances in the CA operation. The main idea is that even if the UE operates in CA mode have M serving cells in total, it may be required to only maintain N different TAs, where M ≥ N. For example, in Figure 2, the network deployment has 2 bands, Band-A and Band-B. Frequency-selective repeaters are deployed on Band-B. If UE is operating only in Band-A or only in Band-B, it only needs to maintain 1 TA. If UE is operating in CA mode on both Band-A and Band-B, it may maintain only 2 TAs, regardless of how many activated SCells the UE has. This would allow reduction of the number of TAs to be maintained at UE and seems to be a reasonable extension of Rel-10.
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Figure 2 Two possible ways of indexing of multiple TAs
The TA instances should be maintained consistently between eNB and UE. Since UE is not aware of the deployment scenario (unless such information is carried in SIB broadcast), eNB should take the responsibility in making decision on how many TAs the UE shall maintain and how different cells should be mapped to the corresponding TA. It is better to allow explicit signalling from eNB in corresponding operations and to avoid UE making “guess” in TA maintenance, e.g. based on the fact serving cell #1 and serving cell #2 are both on Band-A without RRH in either carrier.
Proposal 1: In Rel-11 CA with multiple TA, eNB controls the configuration of multiple TAs.
Proposal 2: eNB may configure multiple serving cells to share the same TA.

There are at least two different ways of signaling TA instances to be maintained. Using a particular serving cell’s Cell Index (e.g. in Rel-10 it is always PCell implicitly), or defining a new TA index. We compare these two approaches below. Since using cell index to represent TA instance may have issues in cell deactivation/removal, we prefer defining a new “TA index” in signalling as in Proposal 3-b.
Table 1 comparison of two methods for signaling multiple TAs
	
	Pros
	Cons

	Using cell index
	Cell Index is already defined in Rel-10
	If the reference cell is deactivated, removed from configured set or there is a PCell change, all other cells that are using this cell as TA reference will be reconfigured.

	Using a TA index
	State change of one serving cell does not impact other serving cells using the same TA
	A new index is to be defined in specification.


Proposal 3: Multiple TAs should be indexed and explicitly signaled
· Option a: mapping one TA to a representative serving cell’s cell index
· Option b: define a new “TA index” for each TA instance
2.2 Initialization of multiple TAs

The need for multiple TAs is based on deployment. In addition, in the operation, as shown in Figure 3, the UE may or may not really require to have two TAs based on its location. For example, if the UE is really close to the center macro eNB and far away from deployed repeaters (location  1 ), it would probably only require 1 TA for CA operation. Only if UE gets close to a repeater (e.g. location   2 ), it needs 2 TAs for proper CA operation. However, in general one cannot assume eNB knows about the UE location and have enough information whether it is sufficient for UE to only have 1 TA, before the SCell is activated and used for uplink transmission. For simplicity, in the example given below, it seems better for eNB to always configure a different TA for SCell on carrier-2, starting from SCell’s initial configuration.
Similarly if a SCell does not require a new TA, the eNB configure this SCell with association to an existing TA. Such TA association configuration should not be changed within the same eNB, i.e. eNB specific.



Figure 3 UE at certain location may only operate with 1 TA
Proposal 4: Cell to TA mapping is eNB specific (dependent on deployment). Based on this mapping and UE current CA configuration, eNB configures (adds) a SCell with association to an existing TA or a new TA to be established. 
2.3 Maintenance of multiple TAs
Since multiple-TA is required by deployment, it appears reasonable that each TA should be established and maintained independently. This includes
· Initialization of a new TA always relies on a Random Access (RA) procedure. It should not be initialized based on relative adjustment corresponding to another already established TA. This is a simple and conservative approach. It ensures there is no need for UE to risk doing unsynchronized uplink transmission.
· TAT should be configured independently for each TA instance. For example, TA#1 may correspond to a macro cell, while TA#2 may correspond to a macro cell with multiple repeaters. Change of TA#2 may be much more significant than change of TA#1 under UE mobility. eNB may configure different TATs based on deployment scenarios.
· There is no requirement to couple the adjustment of multiple TAs, e.g., eNB has full flexibility to determine which TA to adjust at what time by how much and using which procedure
· When one TA is lost, e.g. its TAT expires, all serving cell associated with that TA releases PUCCH and SRS. No UE autonomous cell release (Rel-10 behavior). Other cells associated with a different valid TA are not impacted.
Proposal 5: Multiple TAs are established and maintained independently

2.4 Timing of obtaining new TA in SCell management operations
SCell management, e.g. activation/deactivation and add/remove a SCell will also have relevance with multiple TA maintenance. One of the obvious problems is: if the SCell requires a new TA, when UE should start obtaining and maintaining this TA?



Figure 4 Obtain TA after or before SCell activation?
As shown in Figure 4, option-1 is to activate SCell first, then use PDCCH order to trigger RA procedure on the target SCell. Only after successful RA procedure with TA adjustment, the TA is treated valid and eNB can assign uplink grants and UE may start other uplink transmissions, e.g. SRS, if necessary. The main issue with Option-1 is that such SCell (in particular its uplink) is not immediately usable, for which the gap due to required RA procedure is rather significant. 
Instead, option-2 allows UE to obtain the new TA before activation. This allows SCell to be used “almost immediately” (only a predefined fixed gap in Rel-10 to handle RF retuning glitch) after activation very much the same way as in Rel-10 CA. The main complication is that UE must maintain the TA for a deactivated cell. And UE also must monitor PDCCH associated with this deactivated SCell for possible PDCCH order, which is not Rel-10 behaviour. Above observations are captured in Table 2 for easier comparison.
Table 2 Comparison of using RA procedure after/before SCell activation
	RA procedure timing:
	Pros
	Cons

	After activation
	Simple, less change in Rel-10 behaviour
	Additional gap after activation before SCell (uplink) is usable. No uplink assignment in PDCCH until RA procedure finishes.

	Before activation
	SCell is usable “right after” activation
	More changes on Rel-10 behaviour, where UE must monitor PDCCH search space for a deactivated cell
Some additional complexity, as UE maintains TA for a deactivated SCell.


Proposal 6: Discuss whether establishing initial TA with RA procedure should happen after or before SCell activation.
3 Conclusion

Based on the discussions above, we suggest RAN2 to discuss and consider the following proposals regarding multiple TA support in Rel-11.

Proposal 1: In Rel-11 CA with multiple TA, eNB controls the configuration of multiple TAs.

Proposal 2: eNB may configure multiple serving cells to share the same TA.
Proposal 3: Multiple TAs should be indexed and explicitly signaled
· Option a: mapping one TA to a representative serving cell’s cell index

· Option b: define a new “TA index” for each TA instance

Proposal 4: Cell to TA mapping is eNB specific (dependent on deployment). Based on this mapping and UE current CA configuration, eNB configures (adds) a SCell with association to an existing TA or a new TA to be established. 
Proposal 5: Multiple TAs are established and maintained independently.

Proposal 6: Discuss whether establishing initial TA with RA procedure should happen after or before SCell activation.
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