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1. Introduction

In RAN2#74 meeting, the followings are agreed as baseline for support of multiple timing advances for carrier aggregation enhancement in Rel-11 [1].
	1) Introduce “TA Group” concept, which is a set of serving cells with uplink resource sharing the same TA value. A group could consist of one serving cell.

2) The relationship between configured CC and TA Group should be configured by eNB

3) TA maintenance mechanism of PCell TA group remains same as Rel-10
4) A UE supporting multiple TA's will at least support 2 timing groups
5) Only network triggers RACH on Scell for (initial) time alignment purposes

- FFS for UL data arrival case, i.e. could UL data arrival ever trigger RACH on Scell ?
6) We will support network trigger for RACH on Scell by PDCCH order
- FFS whether also additional mechanisms for network order for RACH on Scell will be introduced
7) RACH initiation by PDCCH order is only supported after Scell activation, so that the UE is monitoring the correct PDCCH CC.
8) RACH for positioning is out of the scope of the CA rel-11 discussions. 

9) For PDCCH order trigger, nNon-contention RACH will be supported for Scell. 

- FFS if contention based RACH access will /will not be supported.

10) Msg0 will be send on the scheduling cell for this Scell

11) Msg1 is sent on the UL of the concerning Scell

12) PDCCH/PDSCH location of Msg2 FFS.

13) FFS whether there is no simultaneous PRACH sequence transmission.


In addition to the decisions above, there is a discussion on the automatic uplink timing adjustment of SCell at UE side by timing advance calculation using time difference measurement [2]. In that method, uplink propagation delay of an SCell is assumed to be same with downlink propagation delay of the SCell and UE automatically adjusts its uplink transmission timing by use of estimated downlink propagation delay of the SCell and transmit timing difference between PCell and SCell. In the LS from RAN2, two variants of this method are introduced [3]:
	a.  The UE is solely responsible for maintaining the timing advance for the SCell(s) based on the timing difference between the downlink reference signals of the PCell and the Scell(s). The network would not provide timing advance adjustments for these SCells.

b.  The UE uses measurement of downlink timing difference as in (a) to replace RACH based time alignment for SCells and possibly also for periodic updating of timing advance for the SCell. In addition, the network can also provide time alignment adjustments for the SCell using Timing Advance MAC CEs.


The LS also asks some questions on the feasibility of the methods to RAN1 and RAN4 as follows [3]:

	1.
RAN2 thinks that the transmitter and receiver for a cell or cells for which a timing advance is calculated would need to be collocated (i.e. so that uplink and downlink propagation path lengths are effectively the same). RAN2 would therefore like to ask RAN4 whether deployment of uplink-only or downlink-only repeaters (when the UE is configured with both an uplink and downlink for the same serving cell) would need to be considered for any deployment requiring multiple timing advance values. 

2.
RAN2 would also like to understand, and asks RAN1, whether the methods would be compatible with anticipated future environments such as CoMP.

3.
RAN2 would like to ask RAN1 and RAN4 if calculating timing advance by the methods (a) and (b) would meet the accuracy and robustness that would be required to allow the UE to perform time aligned uplink transmission on the SCells in any feasible deployment.  

4.
RAN2 would like to know whether, if RAN2 were to adopt a solution based on method (a) or (b) rather than the multiple RACH solution, RAN1 and RAN4 thinks that their work load for Rel-11 would be increased.


In this paper, we discuss the issues on the automatic uplink timing adjustment to provide the answers to the RAN2 questions above. This paper also discusses further issues in introducing random access procedure for SCell to support multiple timing advance in Rel-11.

2. Timing advance calculation using time difference measurement
In this section, we discuss several issues with the method of timing advance calculation using time difference measurement (for the convenience sake, we call it ‘TA calculation method’). 
Co-location of DL and UL nodes
TA calculation method is based on the assumption of same propagation delay between DL and UL in the target cell, which assumes DL node and UL node of a cell are co-located geometrically and the estimation of DL propagation delay of the cell is possible. However, this assumption would not always be correct for Rel-11 and future LTE deployment scenarios.
For example, uplink transmission of a UE on macro-PCell and pico-SCell can be controlled by PCell while the pico-SCell downlink is heavily interfered by macro-PCell so that the estimation of downlink propagation delay on the SCell is difficult. Moreover, scenario of aggregating more number of UL cells than DL cells is not excluded in Rel-11 and future releases. Therefore, it is not a future-proof approach to assume DL node corresponding to an UL node of a cell is always available for the propagation delay estimation. 
Accuracy and robustness of TA calculation method

To support TA calculation method, network should be able to keep track on the exact transmission timing difference between PCell node and SCell node (RRH, pico-cell or etc.). The precision of the accuracy should be much smaller than the CP length to keep alignment of the uplink transmission of all the UEs within the CP length. For example, it is defined in [4] that a UE should keep its initial transmission timing error within (12Ts (=391ns) for a 3 MHz or larger system bandwidth. Especially considering the fact that LTE network is not always assumed to be equipped with external timing reference such as GPS, it is not sure if transmit timing difference between two nodes connected by, for example, optical cable can be measured with an enough accuracy and robustness. However, this issue should be discussed and confirmed by RAN4 experts.
RAN1 work load to support TA calculation method
In the RAN1 specification perspective, we don’t expect a barring work load in supporting the TA calculation method.
Considering the aspects so far, we provide a draft LS response aligned with the discussions above in R1-112323.

Proposal 1: Consider the draft LS in R1-112323 as the answer to the questions from RAN2 on the timing advance calculation using time difference measurement
3. Further considerations on random access procedure for multiple TA
Currently, RAN2 has introduced the random access procedure in SCell triggered by PDCCH order on the scheduling cell of the target SCell as the baseline to support multiple TA. In this section, we provide some further aspects to discuss in allowing random access procedure in SCell(s) as well as in PCell.
Search space for MSG0

To support triggering of MSG1 (random access preamble) in SCell(s) as well as PCell, search space for MSG0 (PDCCH order) and the method of indicating target cell transmitting MSG1 by MSG0 should be determined. In general, we propose the following approach:
MSG0 is transmitted via the USS (UE specific search space) for the target cell, and the CIF in MSG0 indicates target cell if cross-carrier scheduling is configured. In addition, MSG1 transmission on PCell can be triggered by MSG0 via the CSS (common search space) in PCell as in Rel-8/9/10 LTE.

In addition, when the UE is configured with cross-carrier scheduling via PCell, it can be considered to include CIF even in MSG0 transmitted in CSS to support cross carrier scheduling of MSG1 via CSS, where CIF may replace some unused existing fields in MSG0.
Proposal 2: MSG0 is transmitted via the USS for the target cell transmitting MSG1 and the CIF in MSG0 indicates target cell. MSG1 transmission on PCell can be ordered by MSG0 via the CSS in PCell as in Rel-8/9/10 LTE. In addition, when the UE is configured with cross-carrier scheduling via PCell, scheduling of MSG0 for SCell via CSS can be considered further.

Linkage between MSG1 and MSG2

The discussion on whether simultaneous random access preamble transmission in multiple cells is inhibited or not is initiated in RAN2 [1]. This issue leads to the issue of identification of MSG1 corresponding to the MSG2 in case of multiple cell aggregation also.

In the Rel-8/9/10 LTE specifications, RA-RNTI of MSG2 (random access response) is determined as follows [5].
	RA-RNTI= 1 + t_id+10*f_id

Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe.


Since the RA-RNTI value is determined by the subframe number where the corresponding MSG1 is transmitted, there will be no ambiguity on linkage between MSG1 and MSG2 for a UE if simultaneous MSG1 transmission of a UE for multiple cells in a same subframe is inhibited. 
On the other hand, if simultaneous MSG1 transmission for multiple cells is to be supported, a way to distinguish MSG2 for different cells should be defined. If MSG1 uses different preamble sequences for different cells, UE can distinguish MSG2 corresponding to each cell since MSG2 includes Random Access Preamble identifier as its contents. Otherwise, indication of corresponding cell to the MSG2 via implicit/explicit method should be introduced. 
Including the aspects above, we suggest discussing whether simultaneous MSG1 transmission for multiple cells of a UE should be supported or not in RAN1 perspective.

Proposal 3: it should be discussed whether simultaneous MSG1 transmission for multiple cells of a UE should be supported or not.

4. Summary
In this paper, we discussed the issues on the automatic uplink timing adjustment to provide the answers to the RAN2 questions above. This paper also discussed further issues in introducing random access procedure for SCell to support multiple timing advance in Rel-11. We summarize the proposals as follows.

Proposal 1: Consider the draft LS in R1-112323 as the answer to the questions from RAN2 on the timing advance calculation using time difference measurement
Proposal 2: MSG0 is transmitted via the USS of the target cell and the CIF of MSG0 indicates target cell. MSG1 transmission on PCell can be ordered by MSG0 via the CSS (common search space) in PCell as in Rel-8/9/10 LTE. In addition, when the UE is configured with cross-carrier scheduling via PCell, scheduling MSG0 in SCell via CSS can be considered further.

Proposal 3: it should be discussed whether simultaneous MSG1 transmission for multiple cells of a UE should be supported or not.
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