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1 Introduction
The WID [1] for the new carrier type (NCT) in Rel-12 was approved in RAN#57. As described in the WID, the Rel-12 NCT work will proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 stage. In this contribution, we discuss the aspects of CSI-RS transmission for the NCT in TDD and some potential enhancement on CSI-IM design.
2  CSI-RS pattern enahancement
Rel-8 CRS has been used for PDCCH/PDSCH demodulation, time/frequency synchronization, RSRP/RSRQ measurements, and CSI measurement. The NCT carries Rel-8 CRS Port 0 REs within 1 subframe with 5 ms periodicity for timing/frequency tracking purposes. As CRS is not used for demodulation of PDSCH and PDCCH, CRS-based TM1-8 are not supported in the NCT according to the agreements so far. Therefore, it is expected that CSI feedback will be based on CSI-RS in the NCT. It is foreseen that CSI-RS in NCT will play a more important role than in LCT (Legacy Carrier Type) as CRS-based CSI feedback may not be available anymore. 
The CDM/FDM structure of CSI-RS in addition to its time configuration can provide orthogonality across a reasonable number of CSI-RS patterns. The CSI-RS duty cycle and CSI-RS offset are jointly configured by higher-layer signaling and the duty cycle can be any of 5, 10, 20, 40 or 80 ms. Moreover, to address potential collision between CSI-RS and Synchronization Signal (SS)/MIB/SIB-1/Paging, the actual CSI-RS subframes are further constrained by LTE Rel-11 specification as follows: 
UE shall assume that CSI-RS are not transmitted in the following cases: 
· In the special subframe(s) in case of frame structure type 2,

· In subframes where transmission of a CSI-RS would collide with transmission of synchronization signals, PBCH, or SystemInformationBlockType1 messages,

· In the primary cell in subframes configured for transmission of paging messages in the primary cell for any UE with the cell-specific paging configuration. 
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Figure 1: Example of CSI-RS configured subframes for FDD and TDD

The available CSI-RS subframes according to the specification are shown in Figure 1 assuming two paging subframes in every radio frame with respect to TDD and FDD, respectively. A balanced UL-DL configuration (TDD configuration 1 in Figure 1) was selected for comparison purposes. Assuming two paging subframes in every radio frame with 5 ms duty cycle configuration, the number of available CSI-RS patterns for TDD is significantly less than for FDD. It can be seen that the number of CSI-RS patterns may be dramatically reduced from 16-20 in FDD to 5-6 in TDD, which is approximately 70% reduction because of the stricter CSI-RS subframe restriction and the presence of uplink subframe(s). Table 1 gives the comparison in terms of the number of available CSI-RS patterns along with various CSI-RS duty cycles between FDD and TDD for 8 CSI-RS ports.
   Table 1: Number of CSI-RS patterns in FDD and TDD
	
	CSI-RS Duty Cycle

	
	5ms
	10ms
	20ms
	40ms
	80ms

	FDD
	16/20 
	31/36
	67
	134
	268

	TDD (configuration 1)
	5/6
	11
	22
	44
	88


It should be noted that the CSI-RS resource shortage may become more problematic for denser small-cell deployments in Rel-12  because of the following reasons:

· Need to Increase the number of CSI-RS patterns: For CoMP cooperation, UE needs to report CSI for multiple CSI processes, where each CSI process is defined by the channel part (configured as NZP CSI-RS resource) and interference part (configured as one ZP CSI-RS resource). To facilitate channel measurements on multiple NZP CSI-RS resources in CoMP systems, collision between NZP CSI-RS should be avoided as much as possible. In addition, the number of configurations for the interference part of the CSI process (which shares the same pattern as 4 antenna port NZP CSI-RS resources) should be increased as discussed in [4].
· Decreased available CSI-RS subframes for shifting: At the RAN#58 plenary meeting, the work item [2] “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” has been approved to provide an additional mechanism for dynamic allocation of subframes to UL or DL. From the study item phase, it was observed that fast traffic adaptation using a timescale on order of 10 ms provides maximum packet throughput performance gains for low and medium system loading, whereas the performance gains reduce for slower adaptation timescales and cease to exist for a timescale of 640 ms. Under the assumption of 10 ms reconfiguration timescale supported on NCT, it is implied that only the first two subframes in every radio frame, which are not available in the current specification, are suitable for CSI-RS transmission due to deterministic transmission direction property.
· Asymmetric CA in small cell deployment sceanrios: One of the main use scenarios for small cell enhancement would be carrier aggregation in which different frequency bands are assigned to the macro layer and small cell layers, e.g., F1 and F2, respectively, see [3]. In a typical asymmetric CA case of 2 DL and 1 UL where DL/UL CC#0 is for the macro layer and DL CC#1 is for the small cell layer, DL CC#1 for the small cell layer can be NCT. The two DL CCs would have different channel characteristics as they are in different bands and geographical locations. The reciprocity in TDD by UL CC#1 (F2) cannot be used for DL CC#1 (F2) for channel quality estimation purposes, while it may be available for DL CC#0 (F1) by exploiting UL CC#0 (F1). Therefore, it is foreseen that sufficient CSI-RS needs to be ensured for DL CC#1 (small cell layer). 
Based on the previous discussions and observations, it is deemed necessary to increase the overall CSI-RS capacity in the NCT. One straightforward way is to allow CSI-RS transmission in the special subframe to increase the number of CSI-RS resources. Backward compatibility will not be an issue as the NCT is a non-backward compatible carrier for a legacy UE. 

Proposal 1: 
· In the case of NCT for LTE-TDD, it is proposed to study the increase of the number of CSI-RS configuration resources including potential CSI-RS transmission in the special subframe.
3 CSI-IM enhancements
Due to lack of CRS, the transmission mode on NCT will be based UE-specific RS (e.g. TM10). 
In LTE-A Release-11 to support CSI feedback for TM10 interference measurement using interference measurement resource (CSI-IM) are introduced. CSI-IM represents a set of physical resource elements configured by the network for interference measurements. In accordance to the LTE-A specification the CSI-IM is defined by two parameters – subframeConfig and resourceConfig, which describes the set of downlink subframes and resource elements respectively, where CSI-IM is transmitted. In addition in Release-11 CSI-IM configuration is restricted to be always subset of resource elements configured as zero-power CSI-RS.

The interference measurement on CSI-IM in some cases may be less accurate than interference measurements on the CRS. The results provided in [5] indicates that for full loading scenario and single cell operation CRS based interference measurements is more accurate than CSI-IM, primary due to smaller number of ZP CSI-RS configurations for CSI-IM resources than CRS sequences. Based on the provided analysis it was recommended to increase the number of CSI-IM resource configurations. Another motivation of increasing the number of IM resource configurations mentioned in [6] is small cell network deployment scenarios with a large number of low power cells, which is likely be based on NCT to reduce CRS interference. In such scenarios there could be a need of larger number of the IM resource configurations to alleviate operator’s planning effort.

One possible approach to address the aforementioned issue is to use CSI-IM hopping, which can be achieved by extending current CSI-IM configurations by one more parameter sets subframeConfig2 and subframeConfig2. With this extension it is possible to achieve CSI-IM hopping as illustrated in Figure 1 and thus randomize CSI-IM collisions among neighbouring cells.
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Figure 1: Extended CSI-IM configuration

Proposal 2: 

· To enhance interference measurements for CSI on NCT consider extensions to CSI-IM configuration by using additional parameters sets subframeConfig2 and resourceConfig2. 

4 Conclusions

In this contribution, we present our views regarding CSI-RS transmission on NCT for TDD and potential CSI-RS IM enahanement for NCT. Based on our analysis, we propose that:
Proposal 1: 
· In the case of NCT for LTE-TDD, it is proposed to study the increase of the number of CSI-RS configuration resources including potential CSI-RS transmission in the special subframe.
Proposal 2: 

· To enhance interference measurements for CSI on NCT consider extensions to CSI-IM configuration by using additional parameters sets subframeConfig2 and resourceConfig2. 
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