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1
Introduction
Scenarios for multiple TA were discussed during last RAN2 meeting and the starting assumption was that we need to support all the listed cases in [1]. Accordingly, how to manage multiple TA in an efficient way should be studied, which includes: Whether or not TA group is necessary, if so how to inform each TA group? Whether or not we need to restrict the maximal number of TA? How to send the multiple TAs, together or separately? How to maintain TA timer(s), common for all TA groups or separate for each TA group? How to perform RA on SCell? We will address these issues except for the last one. Considering the complexity of RA on SCell, we address it dedicatedly in another separate paper [2].  
2
Discussion
2.1
Need for TA group
The idea of TA group has already been widely discussed in previous discussion. The common understanding is that introducing TA group can reduce the complexity of RA. For the CCs belong to the same TA group, only single RA procedure is needed because all the CCs in the same group have the same TA. As a matter of fact, TA group has been adopted in Rel-10, where all the configured UL CCs of an UE use the same TA value. The TA grouping is implicit, i.e. no explicit signalling is needed.
Observation 1: The idea of TA group has already been implicitly supported in Rel-10.

One argue for not introducing TA group is that TA group will induce extra signalling to differentiate multiple TAs among multiple TA groups. However, after analysing the multi-TA scenario of RRH, we find that explicit signalling is anyway needed no matter TA group is introduced or not. As illustrated in Fig.1, the UE is configured in the UL with CC1 and CC2 and both of them come from the same band. Though CC1 and CC2 are intra-band, different TA is needed for each of them. In this case, the TA difference between CC1 and CC2 does not result from the characteristic of band variety but from the difference of distance. So the traditional thought that CCs belong to the same band have the TA value is questionable. In order to facilitate differentiating the TAs among different CCs, explicit signalling is anyway needed.
Observation 2: No matter TA group is introduced or not, explicit signalling is needed to differentiate multiple TAs.
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Fig.1

If TA group is introduced, the grouping information for each CC can be issued when adding it. Assume that at most 5 TAs are supported in Rel-11, 3 bits can be used to index each TA group. Comparing with the several-hundred-bit long configuration message, 3 bits are negligible. Furthermore, TA group will not change dynamically, so signalling cost is not the crucial factor for not introducing TA group.  
Observation 3: Signalling cost is not the crucial factor for not introducing TA group.
Based on observations 1-3, though many companies have proposed many times, we continue suggest here

Proposal 1: Introduce TA group concept in Rel-11.
We think RAN2 should as soon as possible achieve consensus on this topic, otherwise progress of other topics e.g. TA timer maintaining, TA command format and MAC & RRC signalling design will be impacted.
2.2
Obtaining TA group information
As depicted in section 2.1, explicit signalling can be used to inform the UE about the TA group information for each configured UL CC. Furthermore, the benefit of explicit signalling is that more flexibility can be obtained. For example, 2 or more CCs come from different frequency bands can be distributed to the same TA group. The argue can be find in the LS [3] from RAN4 that the timing difference for the strongest paths is less than 0.52 us (one timing advance step) for 97-98% of the cases and always less than 2.5 us. The eNB can decide whether the simplicity is acceptable and obtain trade-off between precision and complexity.
Proposal 2: CCs come from different band can be distributed to the same TA group.
One direct and simple method is using several bits to index each TA group, e.g. 3 bits can be used to index at most eight TAs, one bit can be used to index at most two TAs. The index can be configured to each UL CC when the CC is added. 
Proposal 3: Explicit signalling can be used to inform TA group information.
In order to keep backward compatible to Rel-10, i.e. a Rel-10 UE can still work with CA in Rel-11 networks, implicit TA grouping should also be supported. That is to say, the CCs will have the same TA value if they are not configured with any TA group index when they are added.
Proposal 4: The CCs will have the same TA value if they are not configured with any TA group index.
2.3
Maximal UL timings
In section 2.1, we have found that not at all time multi-TA results from inter-band CA. Take Fig.2 for example, the UE is configured with three UL CCs namely CC1, CC2 and CC3. CC1 and CC3 belong to the eNB and CC2 belongs to the RRH. Furthermore, CC1 and CC2 come from the same frequency Band A and CC3 comes from another frequency Band B. If Band A is far away from Band B or the cell size is large enough, CC1 and CC3 will have different TAs. Obviously, CC2 will also have a different TA. So the total number of TA is three rather than two even though all the three CCs come from two frequency bands. Therefore, although [5] defines two-band inter-band CA the number of TA may be lager than two, i.e. it is not reasonable to restrict the maximal number of TA by two.
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Fig.2
Observation 4: The number of TA may be lager than 2 even though all the configured UL CCs come from 2 frequency bands. 
Next we will analyse the UE complexity considering different number of TA. The potential impacting factors includes TA timer maintaining complexity, RA complexity and delay, TA command signalling overload etc.
(1) TA timer maintaining
The work of maintaining of TA timer includes start, restart and stop of TA alignment timer at appropriate time. In large extent the complexity correlates to the number of TA timers configured for the UE. If single common TA timer is used for all of the TA groups, complexity like Rel/8/9 can be maintained. If TA timer is maintained separately for each of the TA groups, extra complexity may be introduced. Fortunately, the eNB can control the number of TA groups in some of the scenarios that require multi-TA, so excess complexity can be avoided.
(2) RA procedure
At least one RA procedure is needed to achieve UL synchronization for the CCs in the same TA group, i.e. the number of TA group will impact the complexity of RA. Furthermore, overmuch TA groups may do harm to the access delay especially when serial RA procedure is introduced. In the serial RA case, only when the current RA procedure succeeds can the following RA procedure be initiated.
(3) TA Command
The maximal UL timings will impact the TA command MAC CE design and MAC signalling overload. However, as indicated in section 2.2, the eNB controls the number of TA groups, so the size of TA command MAC CE is variable. Therefore, MAC signalling overload is not crucial.
According to above analysis, considering that significant complexity of maintaining multiple TA timers, managing multiple RA procedures and TA command can be avoided by the eNB controlling the number of TA groups, there is no need to restrict the maximal UL timings in the specification to a specific number e.g. 2. For a long time in the near future for Rel-11, 100MHz bandwidth aggregated by 5 CCs can still meet the peak data rate requirement. Considering the special case that each CC belongs to a different band, there will be totally 5 different TAs. 
Proposal 5: At most 5 UL timings are supported in Rel-11.
2.4
TA command
In Rel-8/9, the initial TA is obtained through RA procedure, which is an 11 bits long absolute value. When the TA value changes or for regular TA timer management, the eNB will send the UE TA command MAC CE before the TA alignment timer expires. In this case, the TA is a 6 bits long relative value and the reference is the original old absolute TA value. We will inherit this scheme in Rel-11 to avoid excessive changes to the specification.
TA changing usually results from UE mobility. When the UE moves, the configured multiple TAs usually change together. 
Observation 5: TAs configured to the UE usually change together.
Furthermore, when the eNB sends TA command to keep UL synchronization i.e. to insure that the TA alignment timer is always running, the multiple TAs can also be sent together. In any case, the TA command MAC CE need enhancement. Whether to introduce new TA command MAC CE or enhance existing TA command MAC CE is more a Stage-3 issue, which can be studied in the future.
Proposal 6: The TA command MAC CE needs to be enhanced and the detail is FFS.
3
Conclusion
In this paper we first studied the necessary of introducing TA group and the method of informing TA group information. Then we addressed the maximal UL timings in Rel-11 and at last we initially studied the TA command. According to the analysis in this paper, the following are proposed:
Proposal 1: Introduce TA group concept in Rel-11.
Proposal 2: CCs come from different bands can be distributed to the same TA group.

Proposal 3: Explicit signalling can be used to inform TA group information. 
Proposal 4: The CCs will have the same TA value if they are not configured with any TA group index.
Proposal 5: At most 5 UL timings are supported in Rel-11.
Proposal 6: The TA command MAC CE needs to be enhanced and the detail is FFS.
References

[1] R2-111840, Initial Consideration on Multiple TA, CATT.
[2] R2-113067, Random Access on SCell for Supporting Multi-TA, Potevio.
[3] R2-102744, Reply LS on multiple timing advance for inter-band CA, RAN4.
[4] R2-111897, Multiple Timing Advance, Nokia Siemens Networks, Nokia Corporation.
[5] 3GPP TS 36.101v10.1.1, UE radio transmission and reception.



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































_1364975257.vsd

_1365331759.vsd

