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1 Introduction

RAN2 has agreed to support multiple Timing Advance (TA) groups, where a TA Group (TAG) of the UE’s configuration may consist of only SCells. Such a TAG will be further referred to as a secondary TAG. Multiple TAGs may be configured to support carrier aggregation with serving cells that are in different frequency bands (inter-band UL aggregation) and/or that have different transmission points (e.g. RRH deployment) [1].

During RAN2#75, it was further agreed that for LTE R11 the UE will not provide information to the eNB for the purpose of managing TA groups [2].
In addition, RAN1 has agreed on a number of working assumptions for additional carrier types, including the possibility to reduce legacy control signaling as well as reducing or eliminating CRS. RAN1 will further study issues related to synchronization and tracking, including whether or not the UE will be required to receive PSS/SSS for such carrier [3].

This contribution discusses the topic of DL Timing Reference for uplink transmissions on SCells of a secondary TAG.

Our view is that for LTE R11 scenarios for which multiple TAGs will be configured, the DL Timing Reference for a SCell UL of a secondary TAG should be the downlink of a SCell in the same TAG. More specifically, our view is that the PCell is not the most suitable candidate as the DL Timing Reference for a secondary TAG because in deployment scenarios that include RRHs, repeaters and/or inter-band aggregation the PCell DL has a different propagation path that SCells of a secondary TAG. Furthermore, a UE implementation would typically synchronize to the downlink of at least one SCell of a secondary TAG for automatic frequency control (AFC) to track the center frequency of the downlink.

In addition, our view is that the UE should use the SIB2-linked SCell DL of the SCell used to transmit the preamble for gaining uplink synchronization for a secondary SCell TAG.

2 Maintenance of Uplink Timing in LTE R10

In LTE R10, the DL Timing Reference for all uplink transmissions for intra-band carrier aggregation is the PCell. Inter-band uplink carrier aggregation and scenarios with RRH deployment are not supported in LTE R10.
Our understanding is that the UE applies a timing advance (using NTA, for frame structure 1) to any SRS, PUCCH and PUSCH transmission, i.e. the UE performs the uplink transmission by applying a time offset NTA x Ts from the start of the corresponding downlink subframe. The UE uses the DL Timing Reference for a number of purposes:

1) To detect DL frame/subframe boundaries, based on CRS/PSS/SSS, for frame/subframe processing (timing lock);

2) To determine a timing advance reference (NTA_REF) [5]:

· For preamble transmission, the UE uses NTA_REF = NTA = 0. The reference (NTA_REF) is first updated upon reception of a RAR TAC, and NTA is also set to NTA_REF;

· Subsequently, the reference (NTA_REF) is updated only upon reception of a MAC TAC CE, and only then is NTA also reset to the updated value of NTA_REF;
3) To determine the amount of UE-autonomous timing adjustment to apply to SRS, PUCCH and PUSCH transmissions (as adjustment to the value of NTA [4]), in a frame for which the UE performs an uplink transmission and for which the UE does not apply a TAC:
· For the first transmission after a DRX period, the UE is required to set its uplink timing (NTA) such that the UL timing error with respect to the DL timing is within +/- Te;

· For subsequent transmissions after a DRX period or if there is no DRX, the UE is required to autonomously adjust its timing (NTA) if the difference between the UE’s timing and the timing of the frame used for applying the timing advance for the uplink transmission exceeds a certain value Te;
The UE performs the above autonomous adjustments for NTA bounded by a number of requirements in terms of maximum adjustment step, minimum and maximum adjustment rate as described in [5]. The UE-autonomous timing evaluation is performed dynamically in the range of a few subframes when the UE is synchronized and in DRX Active Time (if configured), while network-controlled adjustments using TAC are somewhat slower and typically received at intervals corresponding to half the value of the configured TAT (500, 750, …, 10240, infinity).
For LTE R11, the behavior summarized above and described in [5] may still be applied to the TA Group of the PCell.

3 DL Timing Reference for SCells of a Secondary TAG

For LTE R11, uplink transmissions for SCells of a secondary TAG will use a different TA than that of the PCell when the UE is configured with multiple TA groups.

Our understanding is that the UE may still use the PCell as a timing lock, as downlink transmissions from the same eNB should be synchronized within a small error margin for inter-band and for RRH deployments.
Furthermore, it is possible for the UE to maintain a value for NTA_REF for SCells of a secondary TAG based on the timing of the PCell DL when it receives a TAC. However, the principles used for the PCell TAG in R10 should also be applied for secondary TAG. More specifically, the UE should determine the initial uplink transmission timing relative to the downlink of the SCell on which the preamble is transmitted. In addition, there seems to be no clear benefit in using the PCell DL for a secondary TAG from the perspective of a UE implementation. A UE implementation will typically synchronize to the downlink of at least one SCell of a secondary TAG for automatic frequency control (AFC) to track the center frequency of the downlink. In addition, the UE will need to synchronize to the SCell DL of all SCells for PDCCH decoding (if configured) and PDSCH reception. Therefore, using a SCell DL should not be an issue for maintenance of NTA_REF.

Our assumption is that a UE will be required in R11 to perform autonomous uplink timing adjustments as described in [5] for uplink transmissions for a secondary SCell TAG, similarly to the PCell TA Group in R10. If this is not a general understanding, it may be useful for RAN2 to confirm with RAN4 prior to a decision on what timing reference to use.

Otherwise if this is a fair assumption, it is noted that when different TA groups are configured, the PCell and the SCell are likely to have different respective propagation paths. If the UE only relies on the PCell DL for autonomous timing adjustments for uplink transmissions for SCells of a secondary TAG, the UE may unnecessarily adjust the timing of a transmission based on the sub-optimal reference. More specifically, there is no direct correlation between the propagation path of the PCell DL and that of the downlink of a SCell in a different frequency band and/or originating from a different transmission location. It may thus not be optimal to couple a change in PCell DL reception path to the uplink timing of a secondary TAG. 
Consequently, to ensure that a UE uses the most suitable downlink timing reference at any time when it autonomously adjusts its uplink timing for SCells of a secondary TAG, the following is proposed:

Proposal 1:
The DL Timing Reference for uplink transmissions for a SCell of a secondary TAG is the downlink of a SCell of the same TA Group.

The DL Timing Reference can be either one of the following:

· SIB2-linked SCell DL of the SCell with a configured PRACH resource, either:

· The single SCell configured with PRACH, if at most one SCell may be configured with PRACH;
· The SCell used to transmit a preamble to gain uplink synchronization, otherwise;

· A SCell DL, configured by RRC;

· A SCell DL, autonomously selected by the UE implementation;
With a single DL Timing Reference per TA Group, the UE maintains a single NTA_REF for all SCells of the secondary TAG. The UE also maintains and autonomously update a single NTA value for all SCells of the secondary TAG.

The use of a single DL Timing Reference per secondary TAG may lead to restrictions in terms of activation state for the SCell DL used as reference, which restrictions may be handled by the eNB implementation.
It is our understanding that all alternatives above may be acceptable. It may however be preferable for the eNB to know what SCell DL is used as the DL Timing Reference, to ensure that the downlink reference is only deactivated when the UE is not scheduled with any uplink transmissions for the secondary TAG. There seems to be no motivation to restrict PRACH configuration to a single SCell per secondary TAG either, as it would preclude flexibility for the network to balance the load on PRACH between cells. 
Consequently, the following is proposed:

Proposal 2:
The DL Timing Reference for all SCells of a secondary TAG with configured uplink resources is the SIB2-linked SCell DL of the SCell used for transmission of a preamble.

4 Conclusion

It is proposed that RAN2 discusses each alternative described above, and agree to the following:
Proposal 1:
The DL Timing Reference for uplink transmissions for a SCell of a secondary TAG is the downlink of a SCell of the same TA Group.

Proposal 2:
The DL Timing Reference for all SCells of a secondary TAG with configured uplink resources is the SIB2-linked SCell DL of the SCell used for transmission of a preamble.
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