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1 Introduction

The possible motivations of a new carrier type for LTE Rel-11 CA were discussion in 3GPP RAN1 #66bis, and some possible design principles are also presented by different companies during the meeting. As an output the following has been concluded in the meeting notes [1]

Conclusion:

From a RAN1 perspective, the main motivations identified for introducing a new carrier type for carrier aggregation are:

· Enhanced spectral efficiency

· Improved support for het net

· Energy efficiency

It is for RAN4 to determine whether there is a need for new RF bandwidths to support improved bandwidth scalability. 

Working assumptions:

· Introduce at least one new carrier type in Rel-11 (bandwidth agnostic from a RAN1 point of view), with at least reduced or eliminated legacy control signalling and/or CRS

· at least for the downlink (or for TDD, the downlink subframes on a carrier)

· associated with a backward compatible carrier

· study further: 

· issues of synchronisation/tracking (including whether or not PSS/SSS are transmitted) and measurements/mobility

· resource allocation methods

· what RSs are required

· 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.

Note that the current scope of the WI is for CA.

Uplink enhancements are not precluded. 

In this contribution, we discuss on the DL control and reference signal for the new carrier type in Rel-11. More specifically we present our view on the following points

· Is the new carrier type backward compatible or non-backward compatible

· Need of PDCCH on the new carrier type

· Does PSS/SSS exist on the new carrier type

· Does CRS exist on the new carrier type

2 DL control and reference signal for the new carrier type 
2.1 Backward compatibility for the new carrier type 
In [2] it is proposed that the Rel-10 UE can access the backward compatible subframes. More specifically the following figure is presented in [2], where the carrier of new type is configured a Scell to the Rel-10 UEs. It is also proposed that the subframes are defined to two sets, i.e., the backward compatible ones and non-backward compatible ones. 
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Figure 1 – Example configuration for additional carrier types [2, Figure 2]
However, there are some potential issues to consider with such configuration, e.g., 

· L1 aspects: As Rel-10 UEs assume the CRS is present in each subframe, there may be issues with CRS-based time and frequency tracking and channel estimation, if certain time interpolation is utilized. Note that these algorithms are implementation-specific, so it is difficult to provide exact analysis on such impact. 

· L2 aspects: There may be some RRM measurements required for Scell as well, and also L3 filtering for the measurement results. And it is hard to restrict the UE measurement to certain subframe subset. In Rel-10 there were some time-domain restriction possibility to RRM/RLM and CSI measurement, but such configurations were only limited to Pcell. 
With the above issues it is unclear how Rel-10 UEs can safely use the carrier of new type as a Scell. We therefore do not see a need to define such subframe subset for the new carrier type. In practice, if it is possible that the network configure the carrier as backward compatible CC (i.e., a Rel-10 Scell) if the number of legacy UEs is sufficiently large. 

2.2 Need for PDCCH region on the new carrier type 
As discussed above, the restriction that the new carrier type has to be backward compatible is not justified.  

It is straightforward that any backward compatible CC has to contain a PDCCH region. Assuming the case that a certain CC is only configured as Scell for some Rel-10 UEs (not used as Pcell for any other UEs), there seems to be no critical issue if there is no PDCCH is transmitted in the same CC. For example, cross-scheduling can be always turned ON so these UEs do not need to monitor the UE specific search space on the Scell. Furthermore, as the PCFICH value for a Scell is semi-statically configured there would be no ambiguity in PDSCH starting point for that CC. One possible way is then to always configure a mimimum PCFICH value equal to one for the Scell. 

As stated in [2] when the backward compatibility restriction is removed, legacy PDCCH region is unnecessary with the possibility of using cross-scheduling from Pcell and even E-PDCCH on the carrier of new type. Basically, this means the PDCCH region is not defined for the carrier of new type, and therefore the PDSCH can always start for the 1st OFDM symbol in a subframe. 

Based on the discussions in section 2.1 and 2.2, we have the following proposal

· No backward compatibility restriction to the new carrier type in Rel-11. 

· For such non-backward compatible carrier, no PDCCH region is defined. 

2.3 PSS/SSS and/or CRS on the new carrier type
2.3.1 Time and frequency synchronization

In Rel-10, PSS/SSS exist in each CC and are useful in procedures such as cell search, cell selection and re-selection. 

As we assume non-backward compatible carrier here, it is unnecessary for a UE to do cell search/selection/reselection in the carrier of new type. However, in practice it is possible to use PSS/SSS for time and frequency tracking purposes, for which the following needs to be taken into account.  

There are some scenarios where the cell using a new carrier type can be accurately synchronized with the backward compatible cell that has synchronization signals and CRS. An example of such scenario is when the cells are within the same frequency band and the transmitters for the cells are co-located. However, when this is not the case inaccuracies in time and frequency can be expected: 

· For some scenarios where the transmitter for Pcell and Scell are not co-located, frequency difference will be a function of UE speed and carrier frequency (e.g., one example used in [4] is up to 185Hz with 50mph UE speed and 2GHz carrier frequency)

· Regarding time difference, as discussed in [2] the current requirement for inter-band carrier aggregation timing alignment error in 36.104 is 1.3 µs which is equivalent to 40 Ts. The possible deployment of RRH nodes can further increase the time difference range. 

As suggested in [3], the target scenario for the new carrier type needs to be first clarified to investigate the need of synchronization signals or CRS on the new carrier type. As the carrier aggregation can be UE specific (i.e., in terms of Pcell configuration and the set of CCs configured), it is desirable that the new carrier type design takes all possible scenarios into account. 

Before making a decision on including PSS/SSS and/or CRS on the new carrier type, the target scenario for investigation needs to be clarified, i.e.,  

· Whether inter-band case needs to be considered, i.e., is it possible that an extension carrier is located in a frequency band that does not contain any backwards compatible carrier?

· Whether the case that the transmitter of the new carrier type is non-collocated with any backward compatible carrier is considered?

· Whether high Doppler scenario needs to be considered?

If none of the above cases can be excluded, it is necessary that UE is provided signals to independently track the timing and frequency of the new carrier type. Besides, one potential issue from using PSS/SSS only for time and frequency tracking for a UE is the relatively lower time density compared with CRS. With the current specification, PSS/SSS symbols occur every 5ms, which requires longer time delay for a UE to track the time and frequency. The impact from such extra delay is put FFS, e.g., for the case a timing change occurs during UE’s sleep mode or when the carrier type is activated. 

2.3.2 Supported transmission modes 

In [3] we raised the question about which transmission modes need to be supported in the carrier of new type. In LTE Rel-10, extensive studies and standardization work have done on transmission mode #9, which uses CSI-RS and DMRS for CSI measurement and PDSCH demodulation, respectively. In LTE Rel-11, it is likely that a new transmission mode will be developed for CoMP or enhanced MIMO features, and we expect such new mode if defined will also be based on CSI-RS and DMRS. As we prefer not to put any backward compatibility restriction to the new carrier type, there should be no requirement that all CRS-based transmission modes must be supported on the new carrier type. Furthermore, as has been proposed by many companies, removing CRS (or at least reducing CRS) can help to reduce the reference signal overhead, which eventually will translate to system throughput gain as the new UEs will be aware of the new reference signal pattern and can adapt the PDSCH rate matching accordingly. 

Based on the discussions, we have the following proposal

· RAN1 to clarify if CRS-based transmission modes are to be supported for the new carrier type in order to decide if removing CRS or reducing CRS is possible 

3 Conclusions
In this contribution, we discuss on the DL control and reference signal for the new carrier type in Rel-11. More specifically we have the following proposals
· No backward compatibility restriction to the new carrier type in Rel-11 

· For such non-backward compatible carrier, no PDCCH region is defined. 

· Before making a decision on including PSS/SSS and/or CRS on the new carrier type, the target scenario for investigation needs to be clarified
· RAN1 to clarify if CRS-based transmission modes are to be supported for the new carrier type in order to decide if removing CRS or reducing CRS is possible 
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