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1 Introduction

In RAN1 #57 meeting, it was agreed that:

· 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
The previous meetings already have numbers of contributions to further discussion the need of carrier indicator. In this contribution, we discuss aspects about carrier indicator. For discussion convenience, option 1a is used to represent PDCCH scheme without carrier indicator and option 1b is used to represent PDCCH scheme with carrier indicator.
2 Summarizing the necessity of option 1b
Compared to option 1a, the major benefit of option 1b was claimed that it provides a mechanism to cater for /exploit the differences between component carriers and /or UEs. These differences can be summarized as:

· Different load between component carriers
With carrier indicator, cross-carrier operation (where assignment for one carrier is transmitted on another carrier) is enabled; this may help to alleviate the imbalance between control resource and traffic resource in a component carrier.
· Different coverage /interference between component carriers
Different coverage /interference characteristics are expected due to different propagation conditions (e.g. different path loss) or multicarrier operation in heterogeneous network deployment as proposed in [1]. With carrier indicator, semi-static/adaptive ICIC may be used to manage interference on control channels and achieve better spectrum efficiency [1] [2].  
· Different component carrier types

Several component carrier categories (i.e. Backwards compatible \ Non-backwards compatible \ Extension carrier) are discussed in RAN1 now. No conclusion for the introducing of Extension carrier. But, the carrier indicator should be required for extension carrier.
· Different scenarios of UE carrier aggregation 

LTE-A UEs in a cell may have different UL/DL component carrier configurations. There can be symmetric or asymmetric pairings between DL and UL component carriers. With carrier indicator, more flexible UE carrier aggregation can be supported.
Carrier indicator is one of the keys to meet above needs. Nevertheless, it should be note all the above points are not universal for LTE-A. Load balance issue can be solved by careful scheduling. The ICIC scheme varying for different vendor, using multi-carrier-based scheduling may work for all cases. The different component carrier type, e.g. extension carrier, has no conclusion yet. The scenario with more UL than DL can not be found in LTE-A typical spectrum scenarios. 
Thus, as a result we suggest the option 1a should be support as a mandatory case, since it is naturally inebriated for Rel-8. To achieve those possible advantages of carrier indicator, option 1b can be introduced as a UE-specific configuration. Transit between option 1a and 1b can be done by semi-static process. Those advantages can sufficiently support by semi-static process.
3 Methods of adding carrier indicator 
If carrier indicator is included finally, the method of carrying the indicator should be decided as well. Basically, there are two types of methods of adding carrier indicator: explicit CI and implicit CI. 
· Explicit CI
Explicit CI means that DCI formats are designed to include a carrier indicator field (1-3 bits) which denoting the corresponding carriers. There are two methods for adding CI bits: a fixed 3 bits CI is to be used, or the number of added CI bits is adjusted to the number of assigned CCs for the UE. A fixed size of CI bits may result in some redundant overhead when system only has (or the UE is assigned) a small number of CCs. An adjustable size of CI bits may result in multiple payload sizes for one DCI format and may need extra padding bits to handle the ambiguous sizes problem. To reduce the overall complexity of DCI format design, a fixed size of CI is preferred.

In a backwards compatible carrier, carrier indicator should not be applied to the PDCCHs corresponding to the PDSCHs conveying RA response, paging or SI-x and the PDCCHs corresponding to uplink power control commands for backwards compatibility. So if carrier indicator applied, DCI format 0/1A for a LTE-A UE may not be scheduled in common search space due to the different payload sizes or otherwise extra blind decoding attempt is needed.

· Implicit CI
Implicit CI means that carrier indicator field is not incorporated in DCI formats and the corresponding carriers are denoted in an implicit manner. Benefits of Implicit CI are no extra overhead for carrier indicator and fully reuse of Rel- 8 DCI formats. There are several approaches for implicit CI:
·  Defining carrier indicator by RNTIs [4]: distinct RNTIs are used as an implicit carrier indicator field. However, this approach may require more complicated RNTI resource management. Note that LTE-A has higher requirement of connecting/idle UEs.
·  Defining carrier indicator by CRC masks [4]: distinct CRC masks are used as an implicit carrier indicator field. the disadvantages of this approach will result in higher probability of false detection
·  Defining carrier indicator by PDCCH search space [5]: distinct PDCCH search spaces are used as an implicit carrier indicator field. However, this approach may result in higher PDCCH blocking probability due to the inflexible search space usage.
From the discussion above, it can be seen that explicit CI may achieve a better decoding/blocking performance than implicit CI at the cost of a little overhead and extra DCI formats. DCI field solution can prevent further problem. It is proposed that a fixed CI field should be incorporated in DCI formats to support cross carrier scheduling if CI is agreed. 
4 PDCCH blind decoding
Without any restriction, each PDCCH can transmit on any assigned DL component carriers when option 1b is configured. It is quite possible that the assigned component carriers may have different DCI format sizes due to different transmission modes and/or different carrier bandwidths. So the UE may have to check all the possible DCI formats on each assigned DL component carrier and the number of blind decoding attempt will increase dramatically. 
If introducing some kind of restriction e.g. PDCCH only transmitted on some particular DL component carriers (i.e. PDCCH monitoring subset), the number of blind decoding attempt can be reduced, but due to the limitation on the size of UE specific search space, PDCCH blocking probability will increase and degrade the flexibility of frequency scheduling. Also, PDCCH load balancing among multiple CCs needs to be considered carefully.
Some methods of reducing blind decoding complexity were discussed in [6] [7] .however, since several aspects about PDCCH blind decoding (e.g. maximum BD attempt per carrier, target Probability of False detection, new transmission mode and DCI formats, etc) are unclear now, further investigation is needed to evaluate the pros and cons of any possible methods properly. 
If option1a and 1b be configured in UE-specific way, the blind decoding complexity of both options should be approximately equal as Rel-8. At least this can avoid the problem of blind decoding.
5 Conclusion

In this contribution, we provide our views on some aspect about carrier indicator as following:

· Option1a should be maintained as a compatible scheme for DCI format.
· If option1b is finally introduced in parallel with option 1a,
· UE-specific configuration should be done between the 2 options. The configuration should be semi-static.
· A fixed CI field should be incorporated in DCI formats to support cross carrier scheduling.
· The CI may not apply for common-searching space.
· The blind decoding complexity of both options should be approximately equal as Rel-8.
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