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1. Introduction 
In RAN1 #53bis, carrier aggregation was agreed to be used to support wider bandwidth (>20MHz) in LTE-advanced and several baseline assumptions were also agreed in RAN1 #55, including

· It will be possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. 
· It shall be possible to configure all component carriers LTE Release 8 compatible. Consideration of non-backward-compatible configurations of LTE-A component carriers is not precluded. 
· Assume the same methodology in the development of the L1 specifications for contiguous and non-contiguous aggregation.
Based on above assumptions, in RAN1 #56, initial access procedure for asymmetric carrier aggregation in LTE-Advanced was discussed in [1]-[7] and several options were proposed to resolve the downlink component carrier (DL CC) ambiguity problem during random access in the case that multiple downlink component carriers are linked to one uplink component carrier. The essential of the problem is eNB has no idea about the DL CC which UE anchors to in initial random access, accordingly cannot identify a downlink component carrier to transmit random access response (RAR), i.e. Msg 2 and/or contention resolution message, i.e. Msg 4 intended for that UE.
It should be noted that those options were proposed under the circumstance that all the component carriers are configured to LTE R8 backward-compatible. However in the RAN4 #50 meeting, several operators identified some LTE-Advanced deployment scenarios and priorities for the feasibility study of LTE-Advanced in [10]. Looking through the 11 deployment scenarios with the highest priority in [10], 3 asymmetric carrier aggregation scenarios (#1, #4, #11) can be found, one of which is operating at 2.6GHz band (scenario #11) and the other two are operating at 3.5GHz band (scenario #1, #4). It seems natural to make the component carriers at 3.5GHz band non backward compatible to LTE R8 as it is a brand new operating band for LTE-Advanced.
Hence, in this contribution, we discuss the possible solutions for DL CC ambiguity taking account of the LTE R8 backward compatible band and non LTE R8 backward compatible band for LTE-Advanced respectively: 
· For LTE R8 backward compatible band, we analyze the options proposed in [1]-[7] firstly and it is suggested the DL CC ambiguity problem should be treated as an network implementation issue, to allow for meaningful flexibility to select one of the proposed options according to real network circumstances.
· For non LTE R8 backward compatible band, we provide two alternatives from two different aspects to resolve DL CC ambiguity problem.
2. Discussions
2.1. LTE R8 backward compatible asymmetric aggregation scenario, e.g. scenario #11 in [10]
As for this case, the currently proposed options to resolve DL CC ambiguity are enumerated below:

· Option 1: as discussed in [1]

 REF _Ref224355938 \r \h 
[6]

 REF _Ref224352775 \r \h 
[7], different PRACH parameters are broadcasted on different downlink component carriers. Hence after receiving the preamble based on the PRACH parameters, eNB can get the knowledge of which DL CC the UE is listening to.

· Option 2: as discussed in [2]

 REF _Ref224356038 \r \h 
[3]

 REF _Ref224356039 \r \h 
[4]

 REF _Ref224356042 \r \h 
[5], configure the same PRACH parameters for all downlink component carriers. RARs with different uplink grants or different Temporary C-RNTI or in different subframes are transmitted on different downlink component carriers linked to the same uplink component carrier. Hence from the Msg 3 transmission based on the corresponding RA response, the eNB will know which downlink component carrier the UE is listening to. 

· Option 3: as discussed in [5] [9], only one downlink component carrier is allowed to be linked to a certain uplink carrier even if the number of downlink component carriers is more than that of uplink component carriers, i.e. restricting the capability of downlink synchronization to only part of downlink component carriers. 
Hereinafter, we analyze the pros/cons of these options and propose a way forward for the initial random access for asymmetric carrier aggregation at LTE R8 backward-compatible band.
2.1.1 Analysis of Current Options

· Option 1:

As mentioned in [1]

 REF _Ref224355938 \r \h 
[6]

 REF _Ref224352775 \r \h 
[7], the parameters which can be used to distinguish different downlink component carriers maybe include

· time domain position, i.e. different PRACH configuration index with identical preamble format

· frequency domain position
· the first logical root sequence index 

· the groups of Random Access Preambles and the set of available Random Access Preambles in each group
Option 1 can save downlink resources most effectively, since both RA response and contention resolution message are transmitted only on the downlink component carrier the UE anchors to. But it has a few demerits in some aspects:

1. bringing considerable limitation of PRACH configuration, which implies less flexibility of network deployment. For example, if time domain position is used, the flexibility of PRACH density allocation will be limited and there may not be enough room to distinguish different downlink component carriers due to high PRACH density, and/or extended preamble (longer than 800 us). If logical root sequence index is used, for large cyclic shift or for high speed scenario, sequence resources are limited.
2. increasing UL resource overhead due to time/frequency domain expansion of RACH configuration. 
3. degrading the preamble detection performance. If logical root sequence index is used to distinguish different downlink component carriers, the root sequence reuse factor will decrease compared with LTE, which means more inter-cell interference. Meanwhile more root sequences in one cell also means more intra-cell interference due to the non-ideal orthogonal property between ZC sequences. 

No matter which kind of PRACH parameter is used to distinguish different downlink component carriers, it places more or less restrictions on PRACH configuration from different perspectives. So the reasonable way is the selection of PRACH parameter for DL CC ambiguity is subject to the actual network circumstances if option 1 is applied.
· Option 2:

For Option 2, no PRACH resources are wasted but eNB should response on multiple downlink component carriers, which causes waste of downlink resources. Regarding to this option, there are three possible ways to transmit RA response:

Option 2-1: RA responses with different uplink grants (such as different CS for DMRS of PUSCH or different resource blocks for PUSCH.) are transmitted on different downlink component carriers. After receiving RA response, UE transmits Msg 3 using corresponding uplink resource. And then eNB can recognize the downlink component carrier the UE is listening to.

If uplink grant is used, possibly different resource blocks are allocated on different downlink component carriers. Since only one grant among the multiple scheduled uplink grants is used for Msg 3 transmission, this results in uplink resource waste. However, it is not necessary to allocate resource blocks with completely orthogonal time/frequency position, partial overlapping is ok. Then uplink resource waste may be somewhat reduced. 
Option 2-2: RA responses with different Temporary C-RNTI are transmitted on different downlink component carriers. The scrambling initiation of Msg 3 is by Temporary C-RNTI. After receiving RA response, UE transmits Msg 3 using corresponding scrambling code. And then eNB can recognize the downlink component carrier the UE is listening to. No uplink resource is wasted by this method, but the number of RNTIs can be used simultaneously will be reduced by several times based on the number of DL CC linked to the UL CC and potentially blind detection complexity is increased.
Option 2-3: RA response can be transmitted on multiple downlink component carriers in different subframes using different RA response timing. For this method, eNB can identify downlink component carrier the UE is listening to by different Msg 3 reception timing regardless of the contents of RA response as discussed in [5]. However, this could result in access delay as well as scheduling complexity increase.
All the three possible ways of RAR transmission can resolve the DL CC ambiguity but has its own drawbacks. However, we do not see any strong reasons so far to preclude any of them. Moreover, option 2 is not conflicted with option 1 and that they can be combined to a Hybrid option [1]. So it is better to allow for flexibility to choose one of them, for example, if the random access load expected is light and PRACH resource is limited, which means the PRACH density is small but no PRACH resource room to use option1, option 2-2 is preferred since the waste of downlink resources caused by the RA response transmission on multiple downlink component carriers is small while RNTI waste is marginal, if the RNTI is limited, we can still use option 2-3.
In addition, one problem with option 2 can be found in contention resolution. For example, if there are two UEs anchored to two downlink component carriers respectively, and these two downlink component carriers are linked to the same uplink component carrier, there is some collision probability for the two UEs to select the same preamble sequence on the same PRACH, but different RA responses on different downlink component carriers would separate the two UE’s Msg 3 in time/frequency/code domain. For this case, how eNB behaves needs to be further studied if option 2 is applied, which is not encountered in LTE.
· Option 3:

The main demerits of Option 3 are:

1. Some component carriers are not backward compatible.

2. Potential cell search latency may be introduced.
3. Not only RA response and contention resolution message but also the downlink data transmission of Rel-8 UE is constrained to a few downlink component carriers, which is also an undesired consequence.

But this option has no downlink carrier ambiguity problem then requires no changes to Rel8 specifications. 
2.1.2 Proposed Way Forward
Reviewing the LTE RACH procedure step by step, it can be found that all of the above options are already supported by current Rel-8 specifications. In other words, the DL CC ambiguity problem in case of asymmetric carrier aggregation at LTE R8 backward compatible band can be resolved by the existing RACH procedure and higher signaling in LTE and all the options discussed hereinabove can be agnostic to the UE implementation of LTE and LTE-A, i.e no additional UE behaviors need to be specified and UE performs the RACH procedure following the PRACH parameters in SIB2 and/or resource indications (UL grant/TC-RNTI etc.) contained in RA response.

Moreover, as discussed in section 2.1.1, each of option has its merits and demerits and should be subject to the actual network circumstance, so if this issue is regarded as an network implementation issue, a good tradeoff among these various solutions can be achieved by selecting one of them/combining two of them according to the concrete network scenario and requirement. Thus to deal with the ambiguity problem as a network implementation issue for asymmetric aggregation at LTE backward compatible band can take full advantage of the various solutions according to real network implementation circumstance.

Way forward: we suggest that RAN1 treats the DL CC ambiguity problem as a network implementation issue for asymmetric aggregation at LTE backward-compatible band. UE only monitors the DL CC it anchors to for RA response reception after preamble transmission.
2.2. Non LTE R8 compatible asymmetric aggregation scenario, e.g. scenario #1, #4 in [10]
Some operating bands such as the 3.5GHz band in deployment scenario #1 and #4 in [10] are completely new for LTE-Advanced and LTE Rel-8 UE has no knowledge about them, so the component carriers within these bands need not to be considered as LTE R8 backward compatible. 
In this section, we provide two alternatives from two different aspects to resolve DL CC ambiguity problem for asymmetric aggregation at non-LTE-backward-compatible band.
· Alternative 1: the LTE-A UE implicitly informs the eNB which downlink component carrier it is listening to by using different preamble index corresponding to different downlink component carrier and the eNB transmits the RA Response on it.
· Alternative 2: the eNB explicitly informs the LTE-A UE which downlink component carrier the RA Response intended for it will be transmitted on via a broadcasted indicator and the UE receives the RA Response on it.
We further discuss the alternatives through two concrete examples in the following sections:
2.2.1 Alternative 1

The precondition of alternative 1 is that UE should be able to get the downlink component carrier related information (i.e. DL CC ID among the DL CCs linked to same UL CC) before the initiation of the random access procedure. Then UE selects and transmits the Random Access Preamble based on the PRACH parameters and the downlink component carrier related information. Hence after receiving the preamble, eNB can determine which downlink component carrier the UE is listening to and transmits the Random Access Response on the corresponding downlink component carrier. 
Taking fig 1 as an example, the eNB labels the different downlink component carriers linked to same uplink component carrier in system information, e.g. using 1 bit as the DL CC identifier, given that there are at most 2 downlink component carriers linked to 1 uplink component carrier in deployment scenarios listed in [10]. In symmetric carrier aggregation scenario, the DL CC identifier can be absent.
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Fig 1 Example of Alternative 1
Then the UE selects Random Access Resource based on the DL CC identifier and the PRACH parameters as shown in fig 2. The same PRACH parameters are broadcasted on different downlink component carriers. 
For example, the Random Access Preamble selection procedure shall be performed as follows:
· The UE first selects the Random Access Preambles group with the same process as LTE. 
· After the preamble group selection, the selected preamble group will be further divided into two subsets if there are 2 DL CCs linked to 1 UL CC. Then the UE shall
· if the DL CC identifier is ‘0’, 
· select one subset of preambles within the selected group;
· else, 
· select the other subset of preambles within the selected group;
· randomly select, with equal probability,  a Random Access Preamble within the selected subset.
The preambles in the two subsets are calculated from the downlink component carrier related information broadcasted in system information and/or by a default rule. For example, 
· the two subsets consist of the first half and the second half of the preambles within the selected group, respectively. Or
· the two subsets consist of  the half of the preambles with even and odd preamble ID, respectively. Or 
· the number of preambles contained in the two subsets is in the bandwidth ratio of the two downlink component carriers linked to the same uplink component carrier.
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Fig 2 Example of Alternative 1 in Step 2
Then UE transmits the selected preamble using the selected PRACH opportunity on the corresponding uplink component carrier. The selected preamble ID informs the eNB of  its resident DL CC implicitly
2.2.2 Alternative 2
For alternative 2, the eNB informs the UE which downlink component carrier the RA Response will be transmitted on via an indicator in D-BCH.
For example, there is a 1-bit RAR_indicator field in D-BCH 
· A bit value of 0 indicates that RA response will be transmitted on the current downlink component carrier. The UE transmits the Random Access Preamble on the corresponding uplink component carrier and then monitors the PDCCH and receives the RA Response intended for it on the current downlink component carrier.

· A bit value of 1 indicates that RA response will be transmitted on the other downlink component carrier if 2 downlink component carriers are linked to one uplink component carrier. The UE transmits the Random Access Preamble on the corresponding uplink component carrier and then monitors PDCCH for RAR on the other DL CC.
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Fig 3 Example of Alternative 2
It should be noted that neither of the two ideas causes any waste of uplink/downlink resources. And so far we have not found any increase in scheduling complexity or blind detection complexity, either. Comparing to alternative 1, alternative 2 requires UE tunes its reception frequency to the indicated downlink component carrier for RAR reception.
3. Conclusion

In this contribution, initial uplink access procedure for asymmetric carrier aggregation in LTE-Advanced are discussed. Main proposals are summarized as follows:

· To simplify the DL CC ambiguity problem, it is suggested that the LTE R8 backward-compatible band and the non LTE R8 backward compatible band are considered separately.
· For asymmetric aggregation at LTE-compatible band, the downlink component carrier ambiguity problem should be treated as a network implementation issue. This would allow for more flexibility to balance the pros and cons of various solutions according to actual network circumstances.
· For asymmetric aggregation at non LTE-compatible band, e.g. at 3.5GHz band, two alternatives are considerable for RA response transmission. 
· Alternative 1: the UE implicitly informs the eNB which downlink component carrier it is listening to by using different preamble index corresponding to different downlink component carrier and the eNB transmits the RA Response on it 

· Alternative 2, the eNB informs the UE of which downlink component carrier the RA Response will be transmitted on via a broadcasted indicator and the UE receives the RA Response on it
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