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1. Introduction

In TR36.913 [4] the requirement on further advancements for the spectrum allocations possible for Advanced E-UTRA is given. The operation in spectrum allocations of different sizes including wider spectrum allocations than those of Release 8 E-UTRA e.g. up to 100 MHz is demanded. Furthermore it is stated that operation of E-UTRA and Advanced E-UTRA should be possible in the same spectrum. 

In the rest of the document we discuss some identified issues related to carrier aggregation. In the following the terminology shall be used that an aggregated carrier consists of component carriers.

2. Non contiguous carrier aggregation

Component carriers can be non-contiguous, that is they are separated on the frequency axis. Let us assume that there would be a selection of one UL component in one band (e.g. 450 -470 MHz) and one DL component in another band very far apart (e.g. 2.3 -2.4 GHz). Then we would have the issue that DL and UL is even in the long term no longer reciprocal. So pathloss for DL and UL would be different and the DL measurements that are so far used for decisions also including UL (UL power control, RSRP for handover, ICIC, etc.) could not be used in the same way as in Rel. 8. 

Although solvable, a change of paradigm in the physical layer specification would be needed in this case and it is questionable if this would be justified.

In case of a symmetric configuration, that is when there is the same number of DL and UL component carriers there could be established a one-to-one DL to UL mapping, so all component carriers could be made Rel. 8 compatible in principle. Whether this is needed is another question.

If there is a different number of DL and UL component carriers in an asymmetric case, complete Rel’8 backward compatibility is not possible anymore. Approaches for that are discussed in the next section.

3. Possibilities for asymmetric configurations and TB mapping

The simplest asymmetry would be two DL components and one UL component or one DL component and two UL components. This is shown in Figure 1. The consequences of such case can thus exemplarily be discussed.
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Figure 1: Asymmetric downlink uplink configurations (allowing “self contained” units)
If the component carrier frequencies are not too far apart and the single components are not too large, an approach would be to have for each component Rel. 8 numerology and simply append the resource blocks (RB) in DL and UL. That would mean that in Figure 1 on the left the PDSCH and PDCCH would extend over both components. In Figure 1 on the right it would mean that PUCCH upper part is in the upper component and the PUCCH lower part is in the lower component.

Another possibility to shift the lower part PUCCH also in the upper component carrier and do e.g. hopping allocations only in the upper part is also possible.

It should be approached how a bandwidth agnostic approach could be realized and how additional resource allocation formats could be avoided but further implications should be discussed also (e.g. CQI reporting and duplex frequency signaling).

Using the appending method for the PDCCH between DL1 and DL2 or using in Figure 1 on the left a Rel. 8 compatible DL/UL pair plus a DL only carrier the resulting configuration could then still be thought of as a “self contained unit” since the control channels do not address anything outside the box. 

With the decision from RAN1#55bis that there should be only one Transport block (TB) and HARQ entity per scheduled component carrier it seems natural that this TB is allocated by the PDCCH located on the same component carrier. At least to calculate the payload sizes carried by the PDCCHs for the addressed UEs the values of 
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 it is easy if this is also the bandwidth of the PDCCH. From that we follow:

( It should be baseline that the PDCCH is on the same component carrier as the DL Transport block it allocates.
Possibilities based on what has been decided at the last RAN1#57 meeting will be discussed in the next section.
4. Prioritization of component carriers with separate PDCCH’s

Self-contained units can be formed with Rel. 8 compatible DL and UL pairs plus additional components or with the location agnostic resource block numbering as described above. In any case it would be useful if all subcarriers of a self contained unit can be transmitted and received by one radio part since not all transmit and receive parts of a UE need to be active at all time in case of aggregated component carriers.

Hence self-contained units can be prioritized for each UE

· They may not all be on the same radio band

· They may be on different radio transmit and receive parts

So it may be useful to introduce in the sense of the “UE states” of idle and active mode additional states in which a UE listens and transmits only in a “primary” self-contained unit described above and in which a UE listens and transmits in all self-contained units established in that cell.

This could help to reduce Terminal effort and reduce battery consumption in the cases where not the full aggregated DL and UL bandwidth is needed.

In consequence there are separate PDCCH per self contained unit as depicted in Figure 2. [image: image5.png]DL4
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Figure 2: Separate PDCCHs per component carrier (or self contained unit)

It has been decided on the last RAN1#57 meeting that a common coded allocation of resources of different component carriers will not be pursued further but the baseline will be:

· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits

· In case of 0 bits, no carrier indicator

Now there are two possibilities of usage:

· The carrier indicator is used to indicate a further component carrier (CC) where an additional PDCCH is looked up (which only allocates resources in the same DL component or (semi-statically) associated UL component 

· or the carrier indicator would directly indicate the component to which the resource allocation (DL allocation or UL grant) from the used DCI format refers to

In the latter case when there are e.g. different component carrier sizes (e.g. 10 MHz and 5 MHz) then this leads to a variety of payloads in the DCI format dependent on which component carrier is being addressed.

This increases the probability that payloads of two different DCI formats (e.g. Format1 and Format1A) from two different component carrier sizes (e.g. 10 MHz and 5 MHz) come out to be the same size and thus these two PDCCH formats can not be distinguished anymore. This would bring the need for introducing padding bits which reduces the efficiency and it would also bring the need for rules to carry out this padding. In summary it does not seem to lead to a clean solution. So in case of this direct usage the value of the “carrier indicator” seems questionable.

If by a PDCCH on a component carrier a resource allocation is only targeted on the same DL component and only on one or two fixed assigned UL component carriers, it would clearly reduce the above problem. In this case we have separate PDCCHs decoding. The then resulting amount of blind decoding effort (that was quoted) can instead further be alleviated as shown in the next section.

4.1. Blind decoding issue

The increase of number of blind decodings in case of separate PDCCHs is not seen critical for multiple reasons:

· First and foremost: If an LTE-Advanced UE is capable of receiving N times B MHz components and the equivalent of user data, it needs to have increased processing capabilities that should also allow for more than N times Number of Rel.8 blind decodings.

· Second: There can be UE classes in LTE-Advanced. With the concept of primary and auxiliary component carriers only a higher class UE may need to be capable of decoding e.g. up to 5 PDCCH in parallel.

· Third: A big part of the blind decoding effort is dedicated to the search of the UE’s long term channel condition. So a UE searches whether the same payload is encoded in 1, 2, 4 or 8 CCEs resulting in a certain channel protection that corresponds to a long term channel condition. 
Now, in case of nearby or contiguous configured DL component carriers it is given, that this long term channel condition is the same. So by finding out the basic channel protection in the primary component carrier it is not necessary to find out the same protection in the auxiliary component carriers PDCCH decoding again. This can save a factor 2 to 4 in blind decoding effort for all the remaining PDCCH decoding if the first PDCCH is decoded.
By allowing to configure a coupling between the channel protection of primary and auxiliary component carrier PDCCHs such an effort reduction can be achieved.

· Fourth: the blind decoding effort is not needed all the time. With the concept of primary and auxiliary component carriers a UE may be (“RRC”) configured to listen only to the primary component carrier PDCCH. Then the additional parts that would do blind decoding of other component carrier PDCCHs can be switched off.

5. Conclusion

This contribution addressed several aspects of carrier aggregation for FDD. The following is concluded:

· Non contiguous carrier aggregation with UL and DL components very far apart in frequency needs justification and would need a change in the physical layer paradigm due to lost reciprocity between UL and DL.

· Possibilities for asymmetric configurations should be discussed that apply Rel. 8 numerology and that can be bandwidth (or spectrum allocation) agnostic to form self contained units.

· Component carriers can be prioritized for each UE so that a UE does not need to listen or transmit on all components all the time. This will reduce terminal effort and battery consumption. Thus we propose that there shall be established for each UE in the sense of a “primary” component carrier one component carrier where the UE is “usually” transmitting and receiving. The UE would e.g. then need to listen for PSC, SSC, BCH, PCH and dynamic broadcast information only from this component carrier. 
 
The selection or assignment and associated signalling to the UE of this primary component and auxiliary components needs further discussion.

· It follows naturally that then separate PDCCHs per component carrier result. The usage of a carrier indicator field as proposed on last RAN1#57bis meeting has been discussed. Direct and indirect indication has been discussed. In case of direct indication the payload ambiguities that result in case of different component carrier sizes are shown to pose a severe problem. This makes such application quite unattractive. This again speaks in favour of separate PDCCHs usage per component carrier.

The increase in number of blind decodes is not seen critical for multiple reasons given above. Also, one reduction possibility of number of blind decodes for the auxiliary PDCCH is given. It exploits that due to the dependency on UE’s long term channel condition a similar channel protection between component carrier PDCCHs can be configured and does not need to be found out again in the decoding process.
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