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1 Introduction 
The decision about which DL CC to use as a DL timing reference when a UE is configured with multiple serving cells is still open.

Two main options are on the table:

· Consider the DL PCC as the timing reference

· Consider any configured DL CC as the timing reference (which could also mean that nothing needs to be specified)
In the following some further consideration are provided and a possible way forward is suggested.

2 Discussion 
A DL timing reference is needed by the UE in the following two cases:

· in the the Random Access procedure, to determine the timing for preamble transmission in order to get the initial timing advance (TA) in message 2
· in the following, to determine the uplink timing starting from the timing of DL radio frame i (see section 8.1 in [1]) 

Since in Rel8/9 there is only pair of DL and UL carriers, for both aspects there is no ambiguity in terms of DL timing reference: the DL timing of the DL carrier is used as a reference.

According to the way forward [2] from RAN plenary and the LS [3] from last RAN4 meeting, multiple TA will not be supported in Rel10. The main point in [2] is that no inter-band Carrier Aggregation will be possible in the uplink, which implies that all the CCs will experience the same uplink propagation delay. At last RAN2 meeting it was also clarified [4] that this is true also if RRH/Repeaters are used, provided that they are used for all the configured carriers in one band.  Similarly, also the downlink timing of different CCs in the same band will be the same.
As a consequence, the typical scenario where there can be different DL timings is the one depicted in Figure 1:
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Figure 1. Rel-10 Scenarios implying different DL timings
The DL timing difference results from either different propagation due to different bands or due to the use of RRH/Repeaters in one of the bands. 
This is described Figure 2, where CC1 and CC2 belong to different bands, and where a RRH or repeater is used for CC2. 
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Figure 2. DL timings and related TAs in case of inter-band DL carrier aggregation with repeaters or RRHs

In Figure 2, if DL CC1 is selected as the timing reference, then the initial TA in message2 is TA-CC1. If DL CC2 is selected as the timing reference, then the initial TA in message2 is TA-CC2. The initial TA is then related to the selected DL timing reference rather than the DL CC where the Random Access procedure occurs. And for any choice of the DL timing reference at the UE, the eNB can determine the corresponding initial TA so that the uplink transmission time (A) at the UE (after the TA value has been taken into account) is always the same. This is because the eNB knows the expected RX timing (so that it can always issue a corresponding initial TA value) and because the uplink transmission delay is always the same (regardless on the chosen DL timing reference).
Observation 1: no matter which DL timing reference is selected by the UE, a single corresponding initial TA can be determined by the network. 

However, in practice it makes sense if the UE uses as DL timing reference a DL CC in the same band as the UL CC used for uplink transmission. In any case, this is what normally happens when the UE performs the Random Access procedure in the cell where it's camping to move from IDLE to CONNECTED.
Observation 2: when moving from IDLE to CONNECTED, the DL timing reference is provided by the cell where the UE is camping.
Then, when the UE moves around in the cell, the eNB adjusts the TA (via TA CMD) based on uplink transmission from the UE. The TA value is interpreted as a delta value with respect to the current uplink timing. However this doesn’t mean that, after achieving the initial TA, the UE doesn’t have to track the same DL timing reference. In the period between two TA CMDs the TA value is autonomously adjusted by the UE when it detects that the DL timing changes. For example, in Figure 3, when the UE moves away from the eNB and the DL timing is changed from B to B*, the UE autonomously adjusts its TA value by adding the extra value between B and B*, as well as the estimated value between A and A*. Every time the TA timer expires the eNB then updates the delta-TA value, compensating the fact that the UE might not always autonomously adjust the TA completely. This is also reflected in section 4.2.3 of [5]: ‘If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing adjustment without timing advance command as specified in [10], the UE changes NTA accordingly’.
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Figure 3. Autonomous TA adjustment at the UE when the DL timing reference changes
Observation 3: once the UE selects one DL timing reference, the UE should continue to refer to the same DL timing reference. 

If the selected DL timing reference disappears, e.g. it is deactivated or de-configured, then the UE has to select one new reference. A new RACH procedure is needed or an implicit rule can be defined whereby the UE falls back to another existing reference (since the DL timing difference is always known by the UE), for instance to the always active DL PCC.

Observation 4: DL PCC is always active, and the Random Access procedure normally occurs between DL & UL PCC (RACH procedure due to PDCCH order is FFS). 
From the observations above a few simple proposals can then be derived:

Proposal 1: After RRC establishment/re-establishment, the UE working on multiple CCs should continue to refer to the DL timing reference provided by the cell i.e. DL PCC is the DL reference timing CC. 
Proposal 2: When the DL PCC is changed, the UE should use the new DL PCC as DL timing reference. 
3 Conclusion 
Two simple proposals are suggested to close the open issue about which DL CC to use as a DL timing reference when a UE is configured with multiple serving cells.

Proposal 1: After RRC establishment/re-establishment, the UE working on multiple CCs should continue to refer to the DL timing reference provided by the cell i.e. DL PCC is the DL reference timing CC. 
Proposal 2: When the DL PCC is changed, the UE should use the new DL PCC as DL timing reference. 
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