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1 Introduction

The introduction of additional carrier types in Rel-11 has been discussed in the latest RAN1 meetings. In previous RAN1 meetings, it was agreed to support both synchronized carriers and unsynchronized carriers. It was also agreed to transmit Rel-8 PSS/SSS sequences and 1 port CRS with 5ms periodicity for unsynchronized carriers. 

In this contribution, we discuss channels and signals to be supported on synchronized carriers.
2 Control signaling 

Since additional carrier types are always operated jointly with backward compatible carriers and operated only in RRC_CONNECTED state, a UE can obtain the necessary RRC information (i.e. SCell configuration) before accessing the additional carrier type. Therefore, PBCH and SIBs do not need to be transmitted on the additional carrier type. Paging can be sent on the backward compatible carriers. Further, the RACH response for multiple TA operation is supported by cross carrier indication depending on the level of the time difference[3]. In general, broadcast type of the channel is not efficient when the number of UEs is small and can be undesired restriction for a future improvement. Therefore, no common control channels are desirable on an additional carrier type.

Regarding the DCI transmission for PDSCH and PUSCH scheduling, it is sufficient only to support the transmission by E-PDCCH on additional carrier types and not by PDCCH in additional carrier. An efficient usage of E-PDCCH on additional carrier types can be obtained by starting the E-PDCCH on the first OFDM symbol[2]. On the other hand, cross carrier scheduling from a backward compatible carrier by CIF is also possible depending on the level of the time difference. We propose to make the usage of E-PDCCH or cross carrier scheduling configurable. 

Since there is no PDCCH required, there is also no PCFICH required assuming no PCFICH for ePDCCH. In case cross carrier scheduling is used, the PHICH for the linked UL carrier is transmitted on the scheduling carrier. In case E-PDCCH is used, we propose not to use PHICH (nor ePHICH)[4] considering the benefit of overhead reduction (see Annex) v.s complexity/standardization effort to support PHICH (or ePHICH). Therefore, we also don't see the need to use PHICH on the additional carrier. 

In summary we propose the following: 

· PBCH, SIBs, paging, RACH response, Rel.8-10 PDCCH and PCFICH are not transmitted on extension carriers 

· For DCI transmission on additional carrier types, only E-PDCCH is supported.
· Transmission of PHICH is not necessary.
· For scheduling PDSCH on additional carrier type, E-PDCCH or cross carrier scheduling from other carrier is configurable.
Above is applicable to both synchronized carrier and unsynchronized carrier. 
Note that separate PDCCH(or E-PDCCH) is used for scheduling an additional carrier type. Although segment type additional carrier (which uses the same PDCCH for scheduling a backward compatible carrier and a segment) may require smaller overhead, extension carrier type additional carrier is appropriate considering the usage for HetNet and inter-band CA where the interference condition is largely different from a backward compatible carrier.  

3 Reference signal

In order to reduce the overhead and to simplify the frame structure, we propose not to transmit any common reference signal (CRS) on the additional carrier type. In Rel-10 the CRSs are used for demodulation of the PDSCH (except transmission mode 7, 8, 9), for CSI measurements and for mobility measurements. However, in our view CRSs are not required on additional carrier types for the following reasons: 
As discussed in section 2, common control channels (PBCH, SIBs, Paging, RACH response) and the Rel.8-10 PDCCH are not necessary on additional carrier types. For the demodulation of the PDSCH and the E-PDCCH, DMRS (UE-specific RS) can be (re-)used. Therefore, CRSs are not required for demodulation purposes. For CSI measurements, existing CSI-RS functionality can be reused. In Rel-11 or later, we assume that the system is typically operated based only on CSI-RS and DMRS, e.g. with beamforming, enhanced MIMO and/or CoMP, on additional carrier type. Therefore, to reduce the overhead, an operation without CRS is desired. 

For mobility measurements, the use of CSI-RS at least on the additional carrier type should be studied. Because the detection of an additional carrier type is required only after RRC connection has been established, the information on the CSI-RS configuration can be provided on a backward compatible carrier, via dedicated signalling. It should be noted, that CSI-RS based mobility measurement is also required for CoMP[3]. Therefore, a reuse of the same mechanism for both features should be studied from both aspects of CoMP and additional carrier type. 
In unsynchronized carrier, it was agreed to transmit 1 port CRS with 5ms periodicity together with PSS/SSS for synchronization. The existence of the “1 port CRS” as well as PSS/SSS should be configurable because these are not required for synchronized carrier. On the other hand, use cases and scenarios for unsynchronized carrier, especially for totally unsynchronized case, is not so clear. In order not to define undesired common signal/channels which is difficult to remove in later release, we are fine to focus on synchronized carriers only in Rel-11.
4 Conclusion 
In this contribution we discussed the necessary channels and signals on additional carrier types. We propose the following. 

· Only DMRS and CSI-RS are supported on additional carrier type (i.e. no CRS). CSI-RS based mobility measurement should be studied from both aspects of CoMP and additional carrier type. 

· The existence of “1 port CRS” as well as PSS/SSS should be configurable, i.e. no “1 port CRS” or PSS/SSS on synchronized carrier. 
· PBCH, SIBs, paging, RACH response, Rel.8-10 PDCCH and PCFICH are not transmitted on additional carrier types in Rel.11. 
· Transmission of PHICH on additional carrier types is not necessary. 
· For DCI transmission on an additional carrier type, only E-PDCCH is supported. For that reason, it should be possible to start an E-PDCCH transmission with the first OFDM symbol of a subframe. For scheduling PDSCH on extension carrier, the usage of E-PDCCH or cross carrier scheduling from a backward compatible carrier is configurable. 
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Annex 
The overheads for PUSCH non-adaptive retransmissions (i.e. PHICH triggered retransmission only) and adaptive PUSCH retransmissions (i.e. PDCCH UL grant triggered retransmissions only) are calculated below. It is assumed that on average 10 UL UEs are scheduled per subframe and on average 2 CCEs are required for the UL grant. As can be seen, the overhead reduction gain of having PHICH is ~2% even in case all retransmissions are triggered by PHICH.  

	Description
	Value
	Comment

	System bandwidth [RB]
	50
	10 MHz 

	Configured PHICH resources [RE]
	84
	

	Number of UL UEs scheduled per subframe
	10
	

	Target BLER
	30%
	all retx included

	Avrg. Number of CCEs per UL grant
	2
	36REs per CCE

	PDCCH overhead for adaptive retransmissions (RE)
	216
	0.3 x 10 x 2 x 36

	Total number of REs per subframe
	8400
	50 x 12 x 14

	PDCCH overhead for adaptive retx UE
	3%
	216 / 8400

	PHICH overhead 
	1%
	84 / 8400 
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