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1
Introduction 
PRACH resources may be available on multiple UL CCs for carrier aggregation. Obtainment of initial TA and maintenance of the TA are issues to be studied for the RACH procedure in CA environment. In [2], 4 scenarios of different TA for different CCs are shown. The second scenario where repeaters are present got many interests in RAN2 since repeaters have been widely used in UMTS. RAN4 LS in RAN2#68 indicates that the same TA can be assumed for the CCs of the same band, while different TAs might be possible for CCs of different bands. This contribution analyses the impacts of TA from L2/L3 aspects of the radio interface.
2
Current status

The following issues or views have been addressed by companies’ contributions from the previous meetings: 

1) CCs which have the same TA are grouped and TAs are maintained according to CC groups. [8] 

2) Simultaneous multiple RACH procedures for CCs having different TAs may be supported, which means RAN2 may revisit the agreement that only one RACH procedure should be ongoing at a given time. [4][8]
In [5] and [8], the RACH triggering scenarios and PRACH resource selection issues are discussed, including the following scenarios:

1) RRC setup or re-establishment; 

2) DL data arrival, network assigns PRACH resources;

3) UE selects PRACH resources according to predefined rules or randomly;

4) addition/activation of a CC which has to obtain new TA; 

5) Handover;

In scenario 1, RACH procedure would be no difference from Rel-8 except for the DL ambiguity issues since the UE sees one CC. In scenario 2, PRACH resource is decided by the network, the UE only needs to concern the handling of RACH failure and re-attempts. Similar RACH procedure to Rel-8 is assumed for scenario 5 in [4].

UE behavior for CC group of the same TA should be addressed for scenario 3, UE behavior among CC groups of different TAs should be handled for scenario 4. The main concern of this contribution is scenario 3 and 4.
3
Discussion
3.1
RACH procedure for CCs with common TA
It is not necessary that each CC supports RACH procedure. Standalone CCs are capable for IDLE mode UEs’ accessing and they should support RACH procedure. Extension CCs are configured as additional resources and can only work with other standalone CCs; they need not support RACH procedure. 

Proposal 1: Standalone CCs should support RACH; extension CCs need not support RACH.

It is apparently that RACH procedure can be omitted when one more CC is added if at least one CC in the same group has already been UL synchronized. However if no CC has been synchronized before then RACH procedure has to be triggered. 

We think pre-R10 RACH procedure should be reused as much as possible. In pre-R10 UE select one of the PRACH resource according to the network configuration and/or dedicated signaling within one carrier. And UE try to receive RAR after it transmitted preamble. And once RACH procedure fails then UE would run RACH procedure within the same carrier until up to maximum time. In order to not introduce too much complexity for UE, all these procedure related to one CC should be kept unless significant gain is foreseen.

When RACH procedure is triggered e.g. due to uplink data arrival then UE need to decide a PRACH resource to transmit preamble. If there are 2-level PRACH resource selection i.e. selection of a CC among CCs and resource selection within the selected CC, then PRACH resource selection as well as further steps within current pre-R10 MAC specification can be reused.
The selection of a CC can be random or based on some assistant information from the network, e.g. CC coverage, load information, path loss, UL interference situation etc. However it is sort of optimization and RAN2 can consider it later.
Proposal 2: When selecting PRACH resources among CCs with the same TA, to select a CC first, then select PRACH resource within the CC. 

3.2
RACH procedure for CCs with different TA
If a CC is added when at least one CC of different TA is working properly, then basically there are two alternatives for the CC to achieve initial uplink synchronization i.e. TA value:

Alt1: to trigger RACH procedure
Alt2: to skip RACH procedure by using fixed TA difference between CC groups.
Alt 2 is based on the assumption that fixed TA difference is maintained between CC groups. Scenario 2 in [2] is typical scenario which is believed to introduce different TA if uplink signal of different CC goes via different repeater. Since the extra part of TA is introduced mainly due to treatment of repeater, it will not change almost during a short duration e.g. a UE is connected to the network.
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Figure 1: Frequency Selective Repeaters

If steady TA difference between 2 CC groups can be assumed, obtainment of initial TA for a CC group, i.e. UL synchronization for the first configured/activated CC in a CC group, does not necessarily depend on RACH procedure since it can be calculated through the TA difference as long as there are other CC group(s) UL synchronized.
It is kind of implementation how eNB can figure out when the fixed TA difference is valid. For example when UE is close to the eNB, there is no TA difference any more, but when TA value exceed one pre-defined threshold then eNB can make sure that fixed TA difference is valid. Some grey areas exist between these two cases. In that case RACH procedure for the first configured/activated CC in a CC group can always be relied on. 
Proposal 3: LS to RAN4 to ask whether a fixed TA difference can be assumed between 2 CC groups in scenarios in [2].
Proposal 4: RACH procedure can be always relied on to achieve initial synchronization of the 1st configured/activated CC within a CC group.
eNB can decide whether one more CC should be added based on DL or UL buffer status. Since at least one CC is working properly UL buffer status can also be delivered to the eNB. So even for uplink data arrival scenario eNB can also indicate to UE whether RACH procedure is triggered or not. In order to shorten the dedicated RACH procedure dedicated resource can be assigned.
Proposal5: if at least one CC is working properly and one more CC is added, it is up to eNB to decide whether RACH procedure is triggered and how.
3.3
Configuration and maintenance of TAT

After initial uplink synchronization is achieved, it should be maintained also. To reduce complexity and ambiguity, it is reasonable that TAT of each CC group is maintained independently i.e. logically only one TA CMD is needed per group. How to route the TA CMD signalling is eNB’s implementation issue. And How to improve the signalling reliability is FFS.
Expiry of TAT for a CC group means synchronization loss of this CC group. Re-synchronization can be achieved by initiating RACH procedure for this CC group or calibrating its TA according to a fixed TA difference with other synchronized CC groups. For reliability purpose, the UE can also report its unsynchronized status through other synchronized CCs.

Assuming there is semi-static DL/UL paring relationship then intended CC group by the TA CMD can be interpreted by the UE implicitly i.e. the CC group information is indicated by the DL CC which transmit the TA CMD. Otherwise some extra information e.g. “group indication” is needed to indicate intended CC group of the TA CMD explicitly. 
Proposal 6: Uplink synchronization is maintained per CC group and intended group information is interpreted implicitly.
3.4
RACH modeling for CA

Based on the above discussion in Figure 2 RACH modeling for CA is depicted. Blue rectangle represents CC specific module, green rectangle represents CC group specific module.
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Figure 2: MAC protocol model
If one CC is configured with PRACH resource then pre-R10 random access control part should be reused as functionality per CC. As discussed in section 3.1/3.2/3.3 one extra part per CC group is added. For RACH procedure this module is mainly used to do CC selection for further PRACH resource selection. And it is also responsible for TA maintenance per CC group assuming no explicit “group indicator” is needed within TA CMD.
Proposal 7: to adopt figure 2 as MAC protocol model.
4
Conclusion 
This contribution mainly addresses the TA related issues for CA, following proposals are made:
Proposal 1: Standalone CCs should support RACH; extension CCs need not support RACH.

Proposal 2: When selecting PRACH resources among CCs with the same TA, to select a CC first, then select PRACH resource within the CC. 

Proposal 3: LS to RAN4 to ask whether a fixed TA difference can be assumed between 2 CC groups in scenarios in [2].

Proposal 4: RACH procedure can be always relied on to achieve initial synchronization of the 1st configured/activated CC within a CC group.
Proposal5: if at least one CC is working properly and one more CC is added, it is up to eNB to decide whether RACH procedure is triggered and how.

Proposal 6: Uplink synchronization is maintained per CC group and intended group information is interpreted implicitly.
Proposal 7: to adopt figure 2 as MAC protocol model.
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