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1 Introduction

A working assumption was made for a non-backwards compatible additional downlink carrier type [1] and the cases of both synchronized and unsynchronized carriers have been defined [2]. The synchronized case is expected to lend itself to overhead reductions, not only for reference- and synchronization signals, but also for the associated control signaling, which is further discussed in this contribution. 
2 Downlink control channels
2.1 Resources for downlink control channels 
We find in [3] that a main objective of a new carrier type is to give the eNodeB larger flexibility in controlling its downlink transmission resources. This would allow overhead reductions, ability to better handle inter-cell interference and being able to control the effective bandwidth of the carrier, similar to what is already available for the uplink today. This direction is already a fact in the sense of an ePDCCH with FDM extension in the PDSCH region for which its resources would be controllable by the eNodeB. 
Hence, it would be crucial at this point, to assure that there are means for controlling the frequency resources used for the control channels that may reside on the new carrier type. Otherwise, if control channels always span the whole carrier bandwidth, the issue would not be solved in Rel-11 and may require yet new designs in future releases. 
→ The additional downlink carrier type should have means for controlling the frequency resources of its control channels. 
2.2 DCI formats
One way to improve the spectral efficiency is to reduce the PDCCH (and ePDCCH) overhead. The overhead of the downlink could be reduced with some form of joint encoding [4] of information fields in the PDCCHs associated with the legacy carrier and the new carrier type. One example was given in [5] where the main savings were due to using 1 CRC, no carrier indicator field and 1 HARQ process ID. The other information fields were duplicated for the two carriers. However, the additional carrier type may be deployed to fill out spectrum that do not commensurate with a Rel-8 channel bandwidth. Such allocations are typically contiguous frequency blocks with bandwidths below 20 MHz [3]. An important scenario is thus when the additional carrier type is contiguously deployed next to the legacy carrier in a synchronized fashion [6]. Since carrier aggregation was introduced as a means for bandwidth extension beyond 20 MHz, and few UEs were assumed to simultaneously use carrier aggregation, PDCCH overhead might not have been a big issue. However, if the focus is turned towards carrier aggregation below 20 MHz, the overhead of multiple PDCCHs may start becoming a concern, also including the related PUCCH signaling, since carrier aggregation would be much more frequent. In that situation, the overhead could be significantly reduced by joint encoding but not duplicating any information fields. 
The Appendix contains examples showing the overhead reduction gain in terms of DCI payload of using 1 PDCCH compared to 2 or 3 separate PDCCHs. For the former, no carrier indication field is used and the bitwidth of the resource allocation field is assumed to be 
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 for DCI format 1A and 
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 for DCI format 2C where 
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 is the bandwidth of a carrier and P is the RBG size. Tables 1 and 2 show resource overhead savings of 43-51% when N=2. Tables 3 and 4 show resource overhead savings of 59-67% when N=3. Since these gains are significant, it is proposed to further study overhead reduction methods for DCI formats for the new carrier type.
→ Joint encoding of DCI fields should be studied further.
3 Uplink carrier linkage
Part of the working assumption states that [1]: 

· For FDD a downlink carrier of the new type may be linked with a legacy uplink carrier, and for TDD a carrier may contain downlink subframes of the new type and legacy uplink subframes.

Our understanding of a legacy carrier is that it supports transmissions from Rel-8/9/10 UEs. If the new carrier type is not used for stand-alone operation, it can only serve as a DL SCC for Rel-11 UEs. Hence, its linked UL SCC will not have a PUCCH. It is thus not possible to link the new downlink carrier type to a Rel-8/9 uplink legacy carrier since it has no PUCCH and in Rel-8/9, the linkage between the UL and DL carriers is in FDD given by a fixed duplex spacing. In Rel-10, an SCell comprises a DL CC and optionally an UL CC and it is not possible to define an SCell with an UL SCC only. Hence, the statement is unclear as it seems to assume that a Rel-10 could be configured with an SCell only comprising the UL CC being linked to the non-backwards compatible DL CC. Hence, our understanding is that the associated UL carrier will also only be accessible to Rel-11 UEs, i.e., it is not a legacy carrier.
→ It may be unclear how a downlink carrier of the new type can be linked to a legacy uplink carrier. 
4 Conclusions
For the control signaling of an additional downlink carrier type, it is concluded that:  
→ The additional downlink carrier type should have means for controlling the frequency resources of its control channels.       
→ Joint encoding of DCI fields should be studied further.
→ It may be unclear how a downlink carrier of the new type can be linked to a legacy uplink carrier. 
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Appendix

Table 1. PDCCH overhead saving for DCI format 1A with 1 PDCCH versus 2 PDCCHs.
	Rel-10 CC

[RB]
	Additional carrier channel bandwidth [RB]

	
	6
	15
	25 
	50
	75
	100

	6
	51%
	51%
	51%
	50%
	49%
	49%

	15
	51%
	51%
	51%
	50%
	51%
	N/A

	25
	51%
	51%
	51%
	51%
	51%
	N/A

	50
	50%
	50%
	51%
	51%
	N/A
	N/A

	75
	49%
	51%
	51%
	N/A
	N/A
	N/A

	100
	49%
	N/A
	N/A
	N/A
	N/A
	N/A


Table 2. PDCCH overhead saving for DCI format 2C with 1 PDCCH versus 2 PDCCHs.
	Rel-10 CC

[RB]
	Additional carrier channel bandwidth [RB]

	
	6
	15
	25 
	50
	75
	100

	6
	52%
	49%
	51%
	46%
	45%
	43%

	15
	49%
	51%
	50%
	49%
	44%
	N/A

	25
	51%
	50%
	49%
	49%
	45%
	N/A

	50
	46%
	49%
	49%
	46%
	N/A
	N/A

	75
	45%
	44%
	45%
	N/A
	N/A
	N/A

	100
	43%
	N/A
	N/A
	N/A
	N/A
	N/A


Table 3. PDCCH overhead saving for DCI format 1A with 1 PDCCH versus 3 PDCCHs. 
	Rel-10 CC

[RB]
	Additional carrier channel bandwidth [RB]

	
	6
	15
	25 
	50
	75
	100

	6
	67%
	66%
	66%
	66%
	N/A
	N/A

	15
	66%
	66%
	66%
	N/A
	N/A
	N/A

	25
	66%
	66%
	67%
	N/A
	N/A
	N/A

	50
	66%
	66%
	66%
	N/A
	N/A
	N/A

	75
	65%
	66%
	N/A
	N/A
	N/A
	N/A

	100
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A


Table 4. PDCCH overhead saving for DCI format 2C with 1 PDCCH versus 3 PDCCHs.
	Rel-10 CC

[RB]
	Additional carrier channel bandwidth [RB]

	
	6
	15
	25 
	50
	75
	100

	6
	67%
	65%
	63%
	60%
	N/A
	N/A

	15
	67%
	63%
	65%
	N/A
	N/A
	N/A

	25
	65%
	62%
	64%
	N/A
	N/A
	N/A

	50
	61%
	62%
	62%
	N/A
	N/A
	N/A

	75
	61%
	59%
	N/A
	N/A
	N/A
	N/A

	100
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
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