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1
Introduction
In RAN2 73bis, multiple timing advance was discussed. Different solutions to acquire TA on SCell were proposed. E.g. enable RACH on Scell, let UE calculate TA based on the DL timing difference [4] [5], use SRS to measure TA on SCell, etc. And RAN2 made following agreement in 73bis
	Agreement:
· RAN2 will work on RACH on Scell based solution. If companies think L1 based (e.g. timing difference based) solutions are feasible, please bring it up in RAN1. If RAN1 informs RAN2 that the RACH solution is not needed, we will stop work on RACH based solution


Based on the agenda of RAN1 and RAN4, such solution could not be treated in several monthes, so there could be waste of work in RAN2 if the response from RAN1/4 is positive. In Rel-10 and even Rel-8, there was already some research on the related topic, so we believe we could discuss it a bit in RAN2 at least based on the previous research results in 3GPP.
In this paper, we discuss the feasibility and solution to let UE calculate the TA on SCell based on the DL timing difference. Additionally we provide an initial comparison list of the merits and demerits between the TA calculation scheme and the RACH based scheme.
2
Feasibility of TA calculation scheme
The TA calculation scheme is based on the assumption that propagation timing delay on UL direction and DL direction will have no difference or at least the difference is sufficient small. So first of all, we should analyze the feasibility of such assumption and thus derive the conclution on whether the calculation scheme is workable or not. 

In Rel-8, when we were designing the random access preamble structure, we had already made the assumption that the propagation delay in UL direction and DL direction are same to decide the length of preamble’s sequence [1]. Furthermore, in wireless communication, the transmission direction does not affect the channel characteristic, being the reason why channel reciprocity can be utilised in TDD systems. So as in Rel-8 according to the same assumptions and analysis, we could still follow the assumption that propagation delay for UL and DL direction will be same or sufficient small.
In Rel-10, RAN4 made simulations and also sent a LS to RAN2 about the propagation timing difference between different frequency bands at the same reception node [2][3]. We could get that for same reception node, propagation timing difference will be less than one TA step (~0.5us) in 97~98% case and less than five TA steps in 100% case. For the SIB-2 linked DL and UL carrier pairs, the frequency gap between UL and DL will be even smaller than that between different frequency bands resulting that the propagation timing difference between the UL direction and the DL direction will be even less than that caused by inter-band. 
Observation 1: For the same node, propagation delay for UL direction and DL direction will be same or sufficiently small, resulting in timing difference that will be less than one TA step. 
Another problem should be clarified is whether we allow “separate nodes for UL and DL transmission” (i.e. using macro eNB to send the DL data while using repeater/RRH to receive the UL data of the carrier). In LTE/LTE-A system, to perform UL power control, UE will need pathloss parameter to decide the UL transmission power, and the pathloss is measured by DL CRS, so same network node for the UL direction and the DL direction is a must from the power control point of view. However, it is more like a RAN4 issue, so we suggest to send LS to RAN4 to confirm the application scenario
Observation 2: SIB-2 linked DL carrier and UL carrier should be operated at one same node.
Proposal 1: RAN2 to send LS to RAN4 to confirm the application scenario
3
TA calculation scheme
In multiple TA case, because UE is connected to eNB and also has a valid UL TA value on PCell, it is possible to let UE get the UL TA on SCell deployed using e.g. RRH, based on the value on PCell and the DL reception timing difference between PCell and SCell. 

From the analysis above, we assume the propagation delay for UL direction and DL direction will be same on each carrier. So we could get that UL TA value should equal to a round trip timing delay or 2*DL transmission delay when use the DL reception timing as the timing reference. Furthermore in the multiple TA case, as long as UE can measure the DL reception timing difference between PCell and SCell, it can calculate the UL TA on SCell. Figure below shows an example of the timing relationship between DL transmission, UL transmission, DL reception time on PCell and SCell
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Figure 1, example of timing relationship between PCell and SCell

From the figure 1, we could get the TA on PCell and SCell as 
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From above we can further derive that the timing advance on SCell is; 
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To have only single unknown in the calculation the network would need to signal the DL transmission timing difference between PCell and SCell at eNB transmission (TDTP  - TDTS). When considering deployment scenarios captured in TS36.300 we believe that obtaining this information should be possible for the eNB, nor any frequent updates to the value would be needed.
By this solution, we could use it to acquire the initial TA value on SCell instead of RACH, to save the signalling overhead, procedure delay and also reduce the implementation complexity. To provide enough robustness and to avoid un-controlable UL timing drifting, eNB should still be able to adjust the UL TA on SCell via TA command on the fly. 

4
Comparison between TA calculation scheme and RACH

As the solution presented in section 3 is used instead of utilising RACH in SCell to obtain SCell TA, we should make some comparison between these two solutions to find the merits of the RACH based solution which can be considered as the benchmark. In table below we summarise the merits and demerits of TA calculation scheme when compared to RACH based solution. 
	
	TA calculation scheme
	RACH based solution

	RACH overhead and dimensioning at SCell
	No overhead introduced, no extra RACH capacity needed
	Preamble (6 PRB shared with other UE)

RAR (48bits from MAC layer point of view)

	Signalling overhead
	Small one extra DL RRC parameter. MAC CE signalling
	Full PRACH configuration on SCell. At least two PDCCH (Msg 0/2/4). MAC CE signalling.

	Delay
	1ms at most
	10ms for the best case

	Updating frequency
	Maintained constantly, when PCell TA is valid. Update of PCell TA adjusts automatically SCell TA.
	Totally independent between PCell and SCell

	At SCell activation
	Correct immediately when DL timing difference is measured. 
	If deactivationperiod longer than time alignment timer, RACH procedure is required.

	Accuracy
	2*0.5us in 97~98% case [3]
	0.5us in 95% case and 1us in 98% case [1]

	Implementation impact at eNB side
	Small, possibly signalling of DL Transmission  timing difference
	Increased complexity of preamble scheduling, and preamble receiving in cross carrier scheduling case

	Implementation impact at UE side
	Need to measure the DL timing difference.
	Introduction of RACH transmission on SCell, which may occur parallel to PUSCH, PUCCH, SR or RACH transmission on PCell.

	Extra standardization work
	Small
	Possible RACH selection, possible parallel RACH transmissions, RACH in cross carrier scheduling case. RAN4 work on simultaneous RACH on SCell and PUSCH, PUCCH or RACH transmission at PCell.

	UE extension carriers
	No need to introduce RACH on extension carriers
	Requires RACH configuration.


New carrier type is also one WI agreed for Rel-11. In Rel-10, extension carrier and carrier segment were widely discussed, and such new carrier will not support RACH at all [6]. So TA calculation based solution could also be used as a supplement to the carriers which there is no RACH configured or no RACH supported. 

Observation 3: TA calculation based scheme can reduce the signalling overhead and procedure delay, together with reduced implementation complexity at eNB and UE side, and also reduce the possible specification effort for 3GPP (e.g. parallel RACH, RACH and cross carrier schedulilng, RLF, etc.)

With the benefit which could achieved by TA calculation based solution described in the above observation, we may need further confirm the feasibility of such scheme, so we kindly suggest RAN2 to send LS to RAN4 and RAN1 to confirm the accuracy.
Proposal 2: RAN2 to send LS to RAN4 and RAN1 to confirm the accuracy of TA calculation based solution

5
Conclusion
Based on observations 1, 2 and 3, copied also below for convenience, we propose to conclude that TA calculation based scheme has merits that should not be ignored and scheme should be seriously considered. 
Observation 1: For the same node, propagation delay for UL direction and DL direction will be same or sufficient small 
Observation 2: SIB-2 linked DL carrier and UL carrier should be operated at one same node.

Observation 3: TA calculation based scheme can reduce the signalling overhead and procedure delay, together with reduced implementation complexity at eNB and UE side, and also reduce the possible specification effort for 3GPP (e.g. parallel RACH, RACH and cross carrier schedulilng, RLF, etc..)

And make the following proposals:-
Proposal 1: RAN2 to send LS to RAN4 to confirm the application scenario
Proposal 2: RAN2 to send LS to RAN4 and RAN1 to confirm the accuracy of TA calculation based solution
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