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1 Introduction

The working assumption of a non-backwards compatible additional downlink carrier type involves further study on its associated reference signals [1]. Removal or modifications of reference signals is not per se a prerequisite for making the carrier non-backwards compatible. Thus, the scope of the further study would be to determine whether there are any additional merits from new arrangements of the reference signals. 
2 Reference signals

2.1 Bandwidth of reference signals

It is foreseen that the additional carrier type may not necessarily carry the transmissions of PDCCH, PCFICH and PHICH, which are defined over the whole carrier bandwidth. The discussions on the ePDCCH points to the direction of an FDM extension and that its assigned frequency resources can be controlled by the eNodeB. The only signals that thereby would span the whole carrier are the downlink reference signals, i.e., CSI-RS and possibly the CRS. In the uplink, the effective bandwidth of the carrier is fully under the control of the eNodeB since the amount of PUCCH resources is configurable and empty RBs can be located at the carrier edge (aka PUCCH over-provisioning) and the SRS bandwidth is configurable. The effective uplink bandwidth of the carrier is thus in control of the eNodeB. This is today utilized in certain frequency bands where coexistence or out-of-band emissions are problematic. The same flexibility should be made available also for the downlink. That is, some means should be provided that allow controlling the downlink reference signal bandwidths. If that becomes feasible, the eNodeB vendors will obtain much larger possibility to provide deployments tailored to cellular operator’s particular spectrum holdings and more easily solve problematic coexistence issues and improve the bandwidth scalability of the LTE-Advanced system. In essence, with flexibility of the CSI-RS and CRS bandwidths, such bandwidth scalability aspects would become more of an implementation issue. 

One way could be that the set S of subbands used for CSI reporting does not span the whole carrier. In that case, the eNodeB could allocate a suitable RS bandwidth, as long as it covers the subbands in set S, assuming the UE is not performing measurements outside the set S. Alternatively, some specific signaling could be defined for determining the RBs containing reference signals. This is already used in the uplink for the SRS as well as in the downlink for the PRS. 
→ The additional carrier type should have means for adjusting the DL RS (CRS, CSI-RS) bandwidth.
2.2 Reduced CRS transmission
2.2.1 Overhead reduction
A main purpose for CRS on the new carrier type would be to facilitate time- and frequency tracking [2]. One CRS port might be sufficient for this and it could be considered to introduce a CRS-like signal with reduced density (i.e., Reduced CRS). For example, the CRS may be transmitted only in certain RBs or only in certain subframes. If the bandwidth of the CRS is at least 6 RBs, or assumes any of the 6 existing transmission bandwidth configurations, it is not expected that RAN4 has to revisit any performance requirements, nor should there be any need for UE implementations of additional synchronization algorithms. Tables 1 and 2 contain the overhead comparison of CRS, Reduced CRS and DMRS. The overhead for a 6 RB CRS is very low and is significantly lower than the DMRS overhead, hence further reduction in time-domain of the CRS is not justified. Note that even a full-bandwidth CRS port has a small overhead of 4.76% (i.e., 8 RBs per PRB pair) and the largest overhead savings are obtained by using 1 instead of 2 or 4 CRS ports.
→ A bandwidth reduced CRS offers significant and sufficient overhead reduction.
Table 1. Reference signal overhead of a Reduced CRS for normal CP.
	Reduced CRS
	Transmission bandwidth configuration [RB]

	
	6
	15
	25
	50
	75
	100

	6 RB CRS
	4.76%
	1.9%
	1.14%
	0.57%
	0.38%
	0.29%

	15 RB CRS
	-
	4.76%
	2.86%
	1.43%
	0.95%
	0.71%

	25 RB CRS
	-
	-
	4.76%
	2.38%
	1.59%
	1.19%

	50 RB CRS
	-
	-
	-
	4.76%
	3.17%
	2.38%

	75 RB CRS
	-
	-
	-
	-
	4.76%
	3.57%

	100 RB CRS
	-
	-
	-
	-
	-
	4.76%


Table 2. Reference signal overhead of CRS and DMRS for normal CP.
	
	1 CRS
	2 CRS
	4 CRS
	DMRS

	Overhead
	4.76%
	9.52%
	14.29%
	7.14%


2.2.2 Measurements (RSRP, RSRQ)
Measurements are defined using the CRS. Absence of a CRS could imply major work in redefining measurements based on other signals. However, a bandwidth reduced CRS is not expected to have any such drawback since the system already comprises RRC signaling for adjusting the measurement bandwidth according to [3]:  
The IE AllowedMeasBandwidth is used to indicate the maximum allowed measurement bandwidth on a carrier frequency as defined by the parameter Transmission Bandwidth Configuration "NRB" TS 36.104. The values mbw6, mbw15, mbw25, mbw50, mbw75, mbw100 indicate 6, 15, 25, 50, 75 and 100 resource blocks respectively.
Hence, a bandwidth reduced CRS will significantly limit the overhead while allowing reuse of existing measurements. Measurement bandwidths larger than 6 RBs may still be desirable as it allows the UE to measure in a shorter time period. Thus, it should be considered to have a CRS signal whose bandwidth is configurable to any of the existing transmission bandwidth configurations. 

→ A bandwidth reduced CRS allows reuse of existing measurements.

-The CRS bandwidth should be configurable to any of the transmission bandwidth configurations. 

2.2.3 Backwards compatibility

In [4], it was proposed to have Rel-10 accessible subframes on the new carrier type. However, a Rel-10 UE will never be able to distinguish between Rel-10 and Rel-11 subframes. Even if the Rel-10 UE is not scheduled during the Rel-11 subframes, it is expecting the same number of CRS ports as in the Rel-10 subframes. Hence, the Rel-10 UE may continue to perform time-frequency tracking and channel estimation interpolation over the Rel-11 subframes. If there are no CRSs in the Rel-11 subframes, the UE will only accumulate noise which will have performance impact. Hence, this approach may not fulfill the Rel-10 performance requirements. If the carrier should provide Rel-10 accessibility, it could instead be facilitated in the frequency domain on those RBs containing CRS. 
2.3 Transmission modes

From a RAN1 point of view, a main issue for a carrier without CRS may concern the definition of new transmission modes. TM9 may not be directly applicable since either antenna port 0 or transmit diversity on antenna ports 0-3 is used for the PDSCH scheduled by DCI Format 1A. Furthermore, precoding for transmit diversity is currently not defined for antenna ports 7-14. Using TM9 without having fallback opportunity to DCI Format 1A may not be desirable considering performance as well as PDCCH overhead. In fact all transmission modes comprise fallback to DCI Format 1A and none of them would be applicable if the carrier has no CRS. Thus one or several new transmission modes may need to be defined exclusively for the new carrier type. On the other hand, with a bandwidth reduced CRS as outlined above, fallback to DCI Format 1A could be achieved by scheduling on those RBs comprising the CRS.

→ New transmission modes may be needed if there is no CRS.


-A bandwidth reduced CRS may not imply a new transmission mode.
2.4 CSI-RS transmission

A non-controversial assumption would be that PDSCH transmission with antenna ports 7-14 is supported also on the additional carrier type. Hence, CSI-RS should be available, including any extensions that are agreed in Rel-11. Any CSI-RS configuration that can be provided on a backwards compatible Rel-11 carrier could also be facilitated on an additional carrier type. For simplicity, it would thus reasonable that all configurations of the Rel-11 CSI-RS that can be configured on a backwards compatible Rel-11 carrier, can also be configured on a non-backwards compatible Rel-11 carrier. 

3 Conclusions
For an additional downlink carrier type, it is concluded that:  
→ The additional carrier type should have means for adjusting the DL RS (CRS, CSI-RS) bandwidth.
→ A bandwidth reduced CRS offers significant and sufficient overhead reduction.
→ A bandwidth reduced CRS allows reuse of existing measurements.

-The CRS bandwidth should be configurable to any of the transmission bandwidth configurations.
→ New transmission modes may be needed if there is no CRS.


-A bandwidth reduced CRS may not imply a new transmission mode.

It is proposed that bandwidth reduced CRS and CSI-RS are transmitted on an additional carrier type.
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