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1. Introduction
At RAN#51 plenary in March 2011, 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.
During the Stage 2 discussion of Multi-TA, some initial discussions against the requirements of multiple timing advances have taken place, and the following agreements were reached:
· TA group concept introduced, number of groups FFS
· TA maintenance for the TA group containing the PCell will be the same as in Rel-10 (i.e. as in Rel-8)
· One TA Timer per TA group
In the Stage 3 discussion of TAC MAC CE for multiple TAGs at RAN2#77, the following agreements were made [5]:

· TAC can be transmitted on any TAG
· One TAC per TAC MAC CE. Rel-10 TAC MAC CE format will be reused.
· 2 or 4 TAG IDs will be supported. (1 or 2) R bits will be used to indicate the TAG ID.
Taking the above agreements as baseline, this contribution discusses the number of TAG IDs that is needed for the scenarios specified in the Rel-11 scope.
2. Discussion
The Rel-10 framework of Inter/Intra-band scenarios is listed below [2]:
With regards to FDD DL:

· Rel-10 should support both intra- and inter-band aggregation.

· Rel-10 should support inter-band aggregation under deployments with RRH and repeaters, i.e., with different signal reception timings across CCs of different bands.

With regards to FDD UL:

· Work on intra-band aggregation should be prioritised in RAN4 till March 2011.

· Deployment scenarios with RRH and repeaters (and hence multiple TA maintenance) should be supported when inter-band aggregation is supported, e.g., in Rel-11.

With regards to TDD:

· Work on intra-band aggregation should be prioritised in RAN4 till March 2011, for both DL and UL.

· Deployment scenarios with RRH and repeaters (and hence multiple TA maintenance) should be supported when inter-band aggregation is supported, e.g., in Rel-11.
In contrary, the Rel-11 tasks can be identified as following:

With regards to FDD UL and TDD: 

· Deployment scenarios with RRH and repeaters (and hence multiple TA maintenance) should be supported with inter-band aggregation in Rel-11.

For the scenarios with Remote Radio Head and frequency selective repeater, the UL/DL signals shall experience different propagation paths between the Macro cells and the RRH/repeater cells, so it is natural to have different timing for the cells of the Macro layer and the RRH/repeater layer.
According to the CA scenarios defined in 36.300, [3] gives further detailing of scenarios 4 and 5, as shown in Table 1, and it has been agreed in RAN2#73bis that all the scenarios listed in Table 1 need to be considered for further work of multi-TA issue.
Table 1

	#
	Description
	Example

	2
	For the uplink, F1 and F2 are in the different bands.
	
[image: image1.emf]

	3
	For the uplink, F1 and F2 are in the different bands.
	
[image: image2.emf]

	4a
	For the uplink, F1 and F2 are in the same band.
	
[image: image3.emf]

	4b
	For the uplink, F1 and F2 are in the different bands.
	

	5a
	For the uplink, F1 and F2 are in the same band.
	
[image: image4.emf]

	5b
	For the uplink, F1 and F2 are in the different bands.
	


In the LS from RAN4 [4], the following evaluation result is given:
· During the RAN4 meeting #54 and Ad-hoc #2010-02, RAN4 discussed the necessities of supporting multiple timing advances for Scenario #2 and #3, and concluded that: the timing difference for the strongest paths is less than 0.52 us (one timing advance step) for 97-98% of the cases and always less than 2.5 us.
This means that for the same transmission point, the time difference between different bands shall not exceed 1 TA step for 97-98% of the cases, and the timing difference is always less than 5 TA steps. Since maximum 2 bands are assumed in Rel-11, a safe assumption can be made that maximum 2 UL timings are enough for the co-site cells, this is applicable to Scenarios 2 & 3, plus the co-site cells in Scenarios 4 and 5.
For the Scenarios 4 and 5, the needs for multiple UL timings mainly come from the difference of site.
For Scenario 4, it is obvious that in any case the UE shall be served by the Macro site plus a single RRH site, i.e., maximum 2 layers for a UE, so maximum 2 UL timings are enough for the UE to work. Even in the case that the UE is served by Macro site plus two or more RRH sites, the different RRH sites should be close to each other, since the RRHs are assumed to be low power sites, in which case there is no problem to put them in a timing group.

For Scenario 5, in spite of the existence of overlapped area between Macro layer and Repeater layer, the maximum number of layers is still 2, as for Scenario 4, so the required maximum number of UL timings is still 2.
Considering the factors with difference bands and different sites, maximum 2*2=4 UL timings are needed, so the maximum number of TAGs is 4.
Proposal 1: Maximum 4 TAGs for Rel-11 Carrier Aggregation.
Then we can look at the design of TAC MAC CE, Figure 1 below illustrates the Rel-10 format of TAC MAC CE.
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Figure 1: Timing Advance Command MAC control element

According to the agreement to reuse Rel-10 format of TAC MAC CE, the 2 R bits can be used to represent the TAG ID which is up to 4, as shown in Figure 2.
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Figure 2: Proposed Timing Advance Command MAC control element for Multi-TA
Proposal 2: Revised TAC MAC CE format as in Figure 2 is used for Multi-TA scenarios in Rel-11.
3. Conclusion
This contribution discussed the maximum number of TAGs that is needed for the scenarios specified in the Rel-11 scope, and the following suggestion is given:
Proposal 1: Maximum 4 TAGs for Rel-11 Carrier Aggregation.

Proposal 2: Revised TAC MAC CE format as in Figure 2 is used for Multi-TA scenarios in Rel-11.
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