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1 Introduction
In this contribution we discuss time alignment in relation to Dual Connectivity.
2 Discussion
The UL time alignment mechanism is used to ensure that the uplink signals from different UEs reach the base station at the same time, which is a requirement due to the OFDM transmission scheme. If a UE is not time aligned with other UEs this UE would introduce uplink interference and degrade the overall system performance.

In Rel-11 multiple uplink support was introduced and based on the analysis in [1] it was concluded that cells on different frequencies require different timing advance values.

Observation 1 Cells on different frequencies need different timing advance values.

Regarding the total number of TAGs needed for dual connectivity we believe that the main difference between Carrier Aggregation in Rel-11 and Dual Connectivity is the backhaul delay between the two nodes which serves the terminal. The deployment scenarios are aside from that pretty much the same with regards to time alignment. Hence we believe that the number of TA groups needed for Dual Connectivity can be kept to four, as in Rel-11.

Proposal 1 The total number of TA groups supported for Dual Connectivity is four.

In contributions submitted to RAN2#85 it was suggested that for Dual Connectivity all SeNB-cells should belong to the same TA group. This would, according to Observation 1, imply an operator will not be able to aggregate SeNB cells on different frequency bands.
If the UE supports more than two TA groups we believe that it would be reasonable to allow e.g. one TA group for the MeNB and two TA groups for SeNB. Of course, if the UE only supports two TA groups then the restriction w.r.t. the number of TA groups for the SeNB is implicit as the UE would only have one TA group available for the SeNB. But to in RAN2 specifications introduce a restriction which would not allow a UE capable of e.g. three TA groups to aggregate SeNB-cells on different frequencies seems unnecessary.

We also believe that such a restriction would also not reduce complexity. A UE which supports multiple frequency bands is most likely using multiple radio frontends. To support one TA value per radio-frontend likely comes almost for free.

We therefore propose that the no particular restriction should be introduced in RAN2 specifications with regards to the number of TA groups supported for the SeNB.
Aside from that the total number of supported TA groups is imposing a restriction of the number of TA groups supported for the SeNB, no additional restriction should be introduced. I.e the number of TA groups which can be associated with the SeNB should be three (since the total number of TA groups supported is four and at least one TA group is needed for the MeNB).

Proposal 2 From RAN2 specification point of view the UE should in Dual Connectivity support up to three TA groups for a particular eNB.

Whether or not cells from different eNBs should be able to be grouped in the same TA groups this will clearly not work as the propagation delay between a cell from the MeNB and SeNB will likely be very different and hence must be in separate TA groups.

From a MAC specification point of view this implies a simplification as two MAC entities would not need to share time alignment procedures, e.g. not share TA values, or apply a TAC MAC CE received by one MAC entity to a TA value in the other MAC entity.

Proposal 3 All cells in one TA group are associated with one cell group.
Regarding the TAG identities we would need to discuss whether we should have common or separate pools of TAG identities.
Looking at definition, see except from MAC below, of the TAC MAC CE it can be seen that a MAC entity expects that the PCell always belongs to a TAG with TAG identity zero. Assuming that from a MAC specification point of view the special SCell is a “PCell” it would then according to current MAC specification dictate that the special SCell’s TAG should also have identity zero. Hence, as both the PCell and the special SCell requires the TAG identity to be zero, we should have separate pools of TAG identities, one for MeNB and one for SeNB.
Proposal 4 Separate pools of TAG identities should be supported for MCG and SCG. 
Proposal 5 The TAG containing the special SCell should have TAG Identity zero.

	6.1.3.5
Timing Advance Command MAC Control Element

The Timing Advance Command MAC control element is identified by MAC PDU subheader with LCID as specified in table 6.2.1-1.

It has a fixed size and consists of a single octet defined as follows (figure 6.1.3.5-1):

-
TAG Identity (TAG Id): This field indicates the TAG Identity of the addressed TAG. The TAG containing the PCell has the TAG Identity 0. The length of the field is 2 bits;

-
Timing Advance Command: This field indicates the index value TA (0, 1, 2… 63) used to control the amount of timing adjustment that UE has to apply (see subclause 4.2.3 of [2]). The length of the field is 6 bits.
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Figure 6.1.3.5-1: Timing Advance Command MAC control element


With the introduction of Dual Connectivity each MAC entity has a “PCell”, it therefore needs to be decided how TAT expiry should be handled in Dual Connectivity. Rel-11 the following is specified w.r.t. TAT expiry:

	-
when a timeAlignmentTimer expires:

-
if the timeAlignmentTimer is associated with the pTAG:
-
flush all HARQ buffers for all serving cells;

-
notify RRC to release PUCCH/SRS for all serving cells;

-
clear any configured downlink assignments and uplink grants;

-
consider all running timeAlignmentTimers as expired;

-
else if the timeAlignmentTimer is associated with an sTAG, then for all Serving Cells belonging to this TAG:
-
flush all HARQ buffers;

-
notify RRC to release SRS.


First, it should be decided if the TAG containing the Special SCell should be considered the a “pTAG” from MAC point of view. For example, should expiry of the TAT associated with the Special SCell’s TAG trigger the same actions as expiry of the TAT associated with the pTAG? Expiry of the TAT associated with the pTAG is triggering HARQ buffer flushing, PUCCH release, SRS release, clearing of DL assignments and UL grants. We do not see any reason for why not to keep this behaviour also for expiry of the TAT associated with the TAG containing the Special SCell, so from a MAC specification point of view the TAG containing the Special SCell is a pTAG and the expiry of their TATs should trigger the same actions.
Proposal 6 Expiry of the TAT associated with the Special SCell should trigger the same actions as expiry of the TAT associated with the pTAG.

One other detail to consider is whether the TAT expiry in one MAC entity should impact both CGs or if these MAC entities/CGs can be kept separated. For example, should the expiry of the TAT associate with the PCell of MCG trigger expiry of the TAT associated with the Special SCell of SCG and vice versa?

If the UE loses UL sync towards the SeNB it does not mean that the UL sync towards the MeNB is lost and vice versa. So and the UE should be able to continue UL transmissions to the MeNB even though the TAT associated with the special SCell has expired and vice versa. We do not believe that we need to tie the MAC entities together w.r.t. expiry of TATs in Dual Connectivity.
Proposal 7 Expiry of time alignment timers associated with one CG should not affect the other CG.

The MAC specification could then be updated as below:
	-
when a timeAlignmentTimer expires:

-
if the timeAlignmentTimer is associated with the pTAG:
-
flush all HARQ buffers for all serving cells in this CG;

-
notify RRC to release PUCCH/SRS for all serving cells in this CG;

-
clear any configured downlink assignments and uplink grants for this CG;

-
consider all running timeAlignmentTimers for this CG as expired;

-
else if the timeAlignmentTimer is associated with an sTAG, then for all Serving Cells belonging to this TAG:
-
flush all HARQ buffers;

-
notify RRC to release SRS.


3 Conclusion
In this contribution we have discussed different aspects of time alignment in the context of Dual Connectivity. We propose the following:
Proposal 1
The total number of TA groups supported for Dual Connectivity is four.
Proposal 2
From RAN2 specification point of view the UE should in Dual Connectivity support up to three TA groups for a particular eNB.
Proposal 3
All cells in one TA group are associated with one cell group.
Proposal 4
Separate pools of TAG identities should be supported for MCG and SCG.
Proposal 5
The TAG containing the special SCell should have TAG Identity zero.
Proposal 6
Expiry of the TAT associated with the Special SCell should trigger the same actions as expiry of the TAT associated with the pTAG.
Proposal 7
Expiry of time alignment timers associated with one CG should not affect the other CG.
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