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1 Introduction and Backgrounds
The Rel-11 work item “LTE Carrier Aggregation Enhancements” as approved in RAN#53 as high priority items [1]. This work item includes support for multiple timing advances for deployments involving LTE uplink carrier aggregation for Rel-11 and beyond. 
During in RAN2#75 some agreements were reached related to MTA support [2], including the concept of TA Group and RACH based TA adjustment triggered by eNB per PDCCH order and that TA procedures should be triggered after activation of target SCell(s).
In this paper, we discuss some of the issues not resolved in previous meetings as indicated by the agenda published by RAN2 Chair. More specifically the following issues are addressed in this contribution:
· “Is the SRS configuration for the SCell released upon SCell-TAT expiry? Any dependencies between Scell-TAT and SCell deactivation (e.g. stop SCell-TAT upon deactivation of the last SCell in an SCell-only TA group)?

· Details of TA grouping? How to detect that SCell should belong to different/separate TA group? How to change the grouping? “
2 Discussion

2.1 TA Group Indexing and Timing 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. This simplifies the CA operation in Rel-10.
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Figure 1 Two possible ways of indexing of multiple TAs
While it was agreed that for TA Group containing PCell the timing and path loss reference is PCell itself consistent with Release 10 definitions, for other TA Group the reference cell can be the one designated by the eNB or it can be any active SCell in that group as determined by the UE. Assuming an SCell’s membership to a TA group is known to the UE at all times and that any designated reference SCell may be dynamically activated and deactivated like other SCell’s in the group, one would argue that the UE based selection of reference cell would be sufficient and require less signalling. 
With multiple TA groups, there needs to be a way to uniquely identify each group, e.g. in the cell configurations and TA Command MAC CE. There are different ways of referring to and maintaining/signalling different TA groups. For example, using a particular serving cell’s Cell Index, or defining a new TA index.  Table 1 provides a comparison between the two choices. 
Table 1 comparison of two methods for signaling multiple TAs
	
	Pros
	Cons

	Using cell index of one of the configured CC in a TA group
	Cell Index is already defined in Rel-10
	Whenever a new CC is added or removed to/from a TA group, the reference cell index for the TA group may need to be changed. Although some implicit rule may be possible, e.g., by using the serving cell in the TA group with the smallest cell index value as the reference, there is some ambiguity which could lead to mismatch between eNB and UE during RRC reconfiguration, when an SCell is added/removed to/from the configured set.


	Using a TA index
	State change of one serving cell does not impact other serving cells in the same TA group. A new index is more straight forward to uniquely identify a TA group when configuring the member serving cells for a TA group in RRC connection reconfiguration.
	A new index needs to be defined in specification. 



Since using cell index to represent TA instance may have more complexities in cell activation/deactivation, we prefer defining a new “TA index” in signalling.  
In addition to the need for indexing a TA group, the timing reference used within a TA group not associated with a PCell also needs to be defined. There are at least two possible options: 1) designate one of SCell (implicitly or explicitly) within a TA group as the timing reference; 2) UE autonomously decides the SCell within the TA group to be used as timing reference. For implicit designations, certain simple rules can be applied by UE. For example among all active SCells  in the TA group the SCell with highest Cell Index. For option 1, if implicit designation is used, it is prone to error conditions due to mis-detection of activation/deactivation MAC CE at the UE or ACK/NACK detection error at the eNB. 
Explicit designation will on the other hand incur unnecessary signalling overhead during SCell activation/deactivation.  Therefore, option 2 is preferred. . 
Proposal 1: RAN2 to consider defining a unique TA Index for each configured TA group that is used as reference for subsequent signalling related to that group. 
Proposal 2: For a TA Group associated with the PCell, the PCell is used for timing reference consistent with Release 10. For other TA groups, UE autonomously decides which SCell in the group is used for downlink timing reference.
2.2 Deployment Based Configuration of Multiple TA Groups

The need for multiple TAs is based on deployment when frequency selective repeaters are deployed.  In real operation, however, as shown in Figure 2, the UE may or may not really end up with different TA values based on its location. For example, when the UE is really close to the center of the macro eNB and far away from the deployed repeaters (e.g., location 1 ), the UE receives transmission on SCell2 from the macro eNB only. Therefore, it would only require 1 TA value for CA operation. However the same UE when getting close to a repeater (e.g. location   2 ) will receive transmission on SCells2 from the repeater. Therefore, it would require two TAs for proper CA operation. 
In general, one cannot assume eNB to have sufficient knowledge of UE location to determine whether a UE needs a second TA group, before the target SCell that is deployed on repeaters is activated and used for uplink transmission. 
It seems possible but more complex to design measurements and signaling for UE to assist eNB in deciding on optimized mapping of Carriers to TA’s so that minimum number of TA’s are configured and maintained.  However, given in most deployment only one or two TA’s may be used and supported, for simplicity it would be best for eNB to always configured SCell based on deployment configuration. 
Following this approach for the example shown in Figure 2,  eNB would configure a different TA Group for SCell2,because it has been deployed in some of the repeaters in its coverage .  So while the UE would always  maintain  two TA groups , based on its location the UE may end up receiving both SCell2 and PCell from the macro-eNB.  In this case,  the TA values of the two TA groups will have the same value.  In another location, the UE may receive SCell2 from the repeater and PCell from the macro eNB, thus the TA values for the two TA groups will be different.




Figure 2 UE at certain location may only operate with 1 TA
For the case of SCell1 , as shown in Figure 2, it is transmitted by the macro eNB only and therefore can be in the same TA group as the PCell. Hence, mapping of serving cells to TA Groups should not be changed with UE’s mobility within the same eNB, i.e. TA group configuration is eNB specific. 
Proposal  3: Cell/carrier to TA Group mapping should be eNB specific and can be set based on how carriers are deployed.. 
Proposal  4. TA group change should be rare and can be performed by reconfiguration of TAG at RRC as determined by eNB without requiring any specification change. 

2.3 TAT and Maintenance of multiple TAs
Since multiple-TA is required by deployment, it appears reasonable that each TA should be established and maintained independently.  Following discussions in RAN2 #75 it was agreed that:

“There is one time alignment timer (TAT) per TA group and each TAT may be configured with a different value;

-
When the TAT associated with the TA group to which PCell belongs expires, all TATs are considered as expired and the UE flushes all HARQ buffers of all serving cells, clears any configured downlink assignment/uplink grants, and RRC releases PUCCH/SRS for all configured serving cells as in Rel-10;

-
When the TAT associated with a TA group to which the PCell does not belong expire:

-
SRS transmissions are stopped on the corresponding SCells (FFS if SRS configuration is released);

-
CSI reporting configuration for the corresponding SCells is maintained;

-
MAC flushes the uplink HARQ buffers of the corresponding SCells;”

The TAT expiry mainly reflects the need for re-establishment of the TA over time and the SCells are typically used for CA following TA adjustment and in most cases with same set of RRC configurations, such as SRS Configuration.  Based on discussions in RAN#75, from consistency perceptive, some companies showed preference of releasing of SRS upon TAT expiry, as adopted for PCell TAT. On the other hand, others made arguments about improving signaling efficiency by not reconfiguring SRS upon every TAT expiry, which typically ends up using the same set of parameters. In our view, SRS configurations at RRC level may not need to change often with TAT expiry in the MAC and thus reducing extra signaling can be beneficial. In case the SRS resources configured for SCells in the SCell only TAG are needed for other UE’s, the eNB can always send RRC signaling to release the SRS configuration. 
As TAT expiry is tied to the validity of uplink timing, it can be decoupled from SCell activation and deactivation. Therefore, it is not necessary to stop TAT when all SCell’s in the corresponding TAG are deactivated and restart TAT when one of such SCell is activated.  

Based on these arguments/observations we propose:
Proposal 5: The SRS configuration of  SCell’s is not released by default following expiry of their respective TAT.   

Proposal 6: Upon deactivation of all SCell’s in a TAG, the TAT for that group does not automatically expire. 

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: Cell/carrier to TA Group mapping should be eNB specific and can be set based on how carriers are deployed.. 

Proposal 2: TA group change should be rare and can be performed by reconfiguration of TAG at RRC as determined by eNB without requiring any specification change. 

Proposal 3: Cell/carrier to TA Group mapping should be eNB specific and can be set based on how carriers are deployed. 

Proposal 4: TA group change should be rare and can be performed by reconfiguration of TAG at RRC as determined by eNB without requiring any specification change. 

Proposal 5: The SRS configuration of SCell’s is not released by default following expiry of their respective TAT.   

Proposal 6: Upon deactivation of all SCell’s in TAG, the TAT for that group does not automatically expire. 
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