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1 Introduction

RAN2 has agreed to support multiple Timing Advance (TA) groups, where a TA group of the UE’s configuration may consist of only SCells. Such a TA Group (TAG) will be further referred to as a secondary TAG. It was also agreed to support one TA Timer (TAT) per TAG. Multiple TA groups 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 TA Group management [2].
This contribution discusses the MAC Control Element (CA) for the Timing Advance Command (TAC) for SCells. Our view takes some background in [3] where it is suggested that msg2 for the completion of the procedure should consist of a MAC TAC CE (and not a RAR message) and that only a contention-free preamble may be transmitted on the PRACH of a SCell [4].
For the procedure to gain initial uplink synchronization for a secondary TAG, our view is thus that a MAC TAC CE used as msg2 should consist of the 11-bit TAC field, and optionally a secondary TAG identifier such that the UE may associate the TAC to the TA reference (NTA_ref) of the indicated secondary TAG if more than one secondary TAG is supported.
For a synchronized secondary TAG, the R10 MAC TAC CE with a 6-bit TAC may be reused such that the two reserved bits may be used as TAG identifier (including that of the PCell TAG) such that the UE may associate the TAC to the TA reference (NTA_ref) of the indicated secondary TAG. 

Finally, our view is that any MAC TAC CE for a secondary TAG may be scheduled on any PDSCH, similar to R10.

2 MAC Timing Advance Command CE and TA Grouping

2.1 General Aspects of MAC TAC CE for R11

RAN2 has agreed on TA Grouping as a mean to reduce load on PRACH for the purpose of gaining uplink timing alignment. This was based on the observation that serving cells originating from the same geographical point and/or in the same frequency band may share the same uplink timing advance.
As discussed in [5], for the PCell in R10 our understanding is that the UE maintains one TA reference (NTA_ref) that is only updated from the transmission of a preamble and from the reception of a TAC. The UE also maintains one TA (NTA) that is set to the value of the TA reference when NTA_ref is updated, and which NTA may be autonomously updated by the UE to handle a change in propagation path based on the DL Timing Reference.
Our understanding for R11 is that the UE will maintain one TA reference (NTA_ref) per secondary TAG, which reference will be updated using the RACH procedure on a SCell of the concerned TAG and subsequently from the reception of a TAC applicable to the secondary TAG. The eNB may reconfigure the UE with a different TA grouping, if it determines that the single TA reference (NTA_ref) for the secondary TAG is not suitable for all SCells of that TAG.
While it may seem straightforward given the discussions so far [1], for clarity the following is proposed:

Proposal 1:
When the UE is configured with at least one secondary TAG, the UE maintains one TA reference (NTA_ref) per TAG.
Proposal 2:
When the UE receives a MAC TAC applicable to a TAG, the UE applies the received TAC to the NTA_ref of the corresponding TAG.

One consequence of the above proposals is that the MAC TAC CE may contain a TAG identifier (TAGID).
Not expressing a strong opinion, given the deployment scenarios addressed in LTE R11, it seems sufficient to support at most two sets of serving cells where each set has a different TA requirement. More specifically, it seems unlikely that support for combinations using more than one RRH and/or using cells of more than two different frequency bands for a given UE is needed. Consequently, for simplicity the following is proposed:

Proposal 3:
For LTE R11, the UE may be configured with at most one secondary TAG, i.e. a one bit field in the MAC CE is sufficient for the TAGID with values ”0” for PCell TAG and “1” for SCell TAG.

However, given the presence of two reserved bits in the MAC TAC CE for R10, one could consider up to four TAGs although it is not clear what type of deployment would require such a configuration.

For LTE R11, it was agreed that the UE will maintain one TAT per TAG. It may be desirable for the network to have the flexibility to restart each TAT individually and possibly either at the same time or independently from one another. Consequently, the following is proposed:
Proposal 4:
A MAC TAC CE includes at most one TAC, i.e. a MAC TAC CE is applicable to at most one TAG.
Proposal 5:
The UE may receive more than one MAC TAC CE in a single MAC PDU transmission, but at most one MAC TAC CE applicable to the same TAG in any given subframe.

2.2 MAC TAC CE for Unsynchronized SCells (11-bit TAC)
As suggested in [3], msg2 for the procedure by which the UE gains initial uplink synchronization for a secondary TAG should consist of a MAC TAC CE. Similar to the RAR, the MAC TAC CE used as msg2 should include an absolute value represented using an 11-bit field.
The MAC TAC CE for unsynchronized secondary TAG would require he definition of a new MAC CE format:

Proposal 6:
The UE may receive a MAC CE (i.e. using a new LCID) that contains an 11-bit TAC. 

If the UE is not synchronized when it receives the 11-bit TAC, it completes the RACH procedure for initial uplink synchronization of the secondary TAG as proposed in [3].
If proposal 3 above is agreed, the UE would support at most one secondary TAG and the allocated LCID (e.g. “11010” in table 6.2.1-1 in TS36.321) would be sufficient for the UE to determine how to apply the received TAC, i.e. there would be no need for a TAGID in the MAC CE format. For example:

[image: image1.emf]Timing Advance Command

Oct 1

Timing Advance 

Command

Oct 2

R R R R R


Otherwise if more than two TAGs are supported, some of the R bits may be converted to become a TAGID field.  
2.3 MAC TAC CE for Synchronized Serving Cells (6-bit TAC)
If proposal 3 above is agreed, the UE would support exactly one PCell TAG and one SCell TAG. The 6-bit MAC TAC CE could be applicable to either TAG. The existing R10 MAC TAC CE can thus be reused and a single bit would be sufficient as the TAGID.

For the MAC TAC CE for synchronized TAG (i.e. either for PCell TAG or secondary TAG), the following is proposed:

Proposal 7:
One of the reserved (R) bits of the R10 MAC TAC CE indicates whether the TAC corresponds to the PCell TAG or to the SCell TAG, i.e. the same LCID may be used for the 6-bit MAC TAC CE.

For example (TAGID is represented by the field “T”):
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Otherwise if more than two TAGs are supported, both R bits may be used as the TAGID field. Supporting more TAGs would require one additional octet and consequently would require a new format.

3 Conclusion

It is proposed that RAN2 discusses each alternative described above, and agree to the following:
Proposal 1:
When the UE is configured with at least one secondary TAG, the UE maintains one TA reference (NTA_ref) per TAG.
Proposal 2:
When the UE receives a MAC TAC applicable to a TAG, the UE applies the received TAC to the NTA_ref of the corresponding TAG.

Proposal 3:
For LTE R11, the UE may be configured with at most one secondary TAG, i.e. a one bit field in the MAC CE is sufficient for the TAGID with values ”0” for PCell TAG and “1” for SCell TAG.

Proposal 4:
A MAC TAC CE includes at most one TAC, i.e. a MAC TAC CE is applicable to at most one TAG.
Proposal 5:
The UE may receive more than one MAC TAC CE in a single MAC PDU transmission, but at most one MAC TAC CE applicable to the same TAG in any given subframe.

For the MAC TAC CE for an unsynchronized secondary TAG (i.e. msg2), the following is proposed:

Proposal 6:
The UE may receive a MAC CE (i.e. using a new LCID) that contains an 11-bit TAC. 

For the MAC TAC CE for synchronized TAG (i.e. either for PCell TAG or secondary TAG), the following is proposed:

Proposal 7:
One of the reserved (R) bits of the R10 MAC TAC CE indicates whether the TAC corresponds to the PCell TAG or to the SCell TAG, i.e. the same LCID may be used for the 6-bit MAC TAC CE.
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