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1 Introduction

WID for new carrier type in Rel-12 was revised in RAN#58 [1]. As described in the WID, for new carrier types, minimizing control signalling and common reference signals is beneficial for interference and overhead reduction especially for the cell edge of homogeneous deployments, in a cell range expansion zone of heterogeneous deployments and for the enhanced local area access. In addition, reduction of common channel and signal are beneficial for a flexible cell operation with a UE-dedicated manner, e.g. flexible cell, virtual cell, etc. We propose flexible cell range (FCR) for efficient small cell operation in [7]. In order to avoid unnecessary or excessive channels and signals, it is important to see which scenarios could be optimized. Furthermore, RAN1 does not have common understanding on what is synchronized carrier and what is unsynchronized carrier on exact meaning perspective [4]. In this contribution we discuss possible scenarios for new carrier types in Rel-12.
2 Scenarios for new carrier types 
There are several scenarios for new carrier types as follows.
Case 1: HomoNet scenario
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Figure 1 HomoNet scenarios
In HomoNet, one of benefits of new carrier type could be interference reduction for cell-edge UEs especially with an efficient CoMP operation because cell specific common control signalling and cell specific reference signals are minimized. Another benefit could be providing the capability of an efficient narrowband carrier operation, e.g. efficient band filing [3][4]. Because NCT does not have common channels or signals, transmission bandwidth can be adjusted by the resource block allocation [4]. Furthermore, as evaluated in Rel-8, coverage is concerned in a narrowband operation with LTE due to lack of frequency diversity of PDCCH[8][9][10]. By using NCT, narrowband carrier, e.g. 3MHz or below, can be supported without worrying about the PDCCH coverage. 
In the scenario of intra-band CA (Fig.1(a)), time and frequency tracking and cell detection can be carried out with the backward compatible carrier, because synchronized timing and frequency are provided. It is preferable to support low to high UE speed in this scenario considering macro coverage is mainly intended in this scenario so far. For inter-band CA (Fig.1(b)), coverage of new carrier could be smaller than backward compatible carriers when new carrier is applied for higher frequency band. In this case, if cells are not deployed in sufficiently dense manner, inter-cell interference on new carrier is small, so the benefit of new carrier would be reduced from interference reduction point of view, although the merit of overhead reduction is still remained. On the other hand, if cells are densely deployed, gain of inter-cell interference reduction is also available. 
The necessity of separate time and frequency tracking for each carrier needs further discussion with taking into account the discussion on synchronization in Annex A.  
Case 2: HetNet with multiple CCs per node
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Figure 2 HetNet scenarios

In HetNet scenario, new carrier type is beneficial for the inter-cell interference coordination. Figure 2 shows a HetNet scenario with macro node and low power node using two carriers, F1 and F2. Here, the macro node uses F1 as backward compatible carrier and F2 as NCT while pico nodes use F1 as NCT (or backward compatible carrier) and F2 as backward compatible carrier. UE receives both carriers from one node. By reducing the macro transmission power on F2 (i.e. macro NCT), cell range expansion for pico cell on F2 can be achieved without impacting legacy UEs in macro cell. On the other hand, this scenario can also be supported by backward compatible carriers. 
In this scenario, synchronization aspect is same as case 1 (HomoNet), because both carriers with which a UE is configured are transmitted from the same node. 
Case 3: HetNet with different carriers for macro and small cell (ideal backhaul (RRH)) 
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Figure 3 HetNet (ideal backhaul)
In this scenario, macro and small cell use different carriers, F1 and F2, as illustrated in Fig. 3. UE keep the connection with Macro cell even within pico cell area. In this scenario, NCT is beneficial for a flexible cell operation using virtual/soft/phantom cell, because no (or limited) common signals are transmitted. 

In this scenario, a signal for small cell detection (or discovering) is necessary [6]. In addition, because reception timing at UE is different for macro and small cell even if transmission timing of macro and small cells is synchronized, separate timing adjustment is required. However, we may limit the maximum timing difference to e.g. 31.3 s for the optimization, as a typical scenario [2]. Furthermore, separate frequency tracking for the reception/channel detection would need to be assumed although it may be not needed depending on the network deployment and UE receiver.  
Because a small cell node accommodates only low speed UEs (e.g. 0-3km/h depending on small cell study), the evaluation in RAN1 could focus on only low speed. 
Case 4: HetNet with different carriers for macro and pico (non-ideal backhaul)
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Figure 4 HetNet (non-ideal backhaul)
The difference from case 3 above is the backhaul for small cell is non-ideal backhaul. Similar to case 3, NCT is beneficial for a flexible cell operation using virtual/soft/phantom cell because no (or limited) common signals are transmitted. 

In this scenario, a signal for small cell detection (or discovering) is necessary. In addition, time and frequency tracking for NCT are required. Because macro and small cell may not be well synchronized to each other, the frequency error may be larger than that of case 3. Furthermore, clarification is needed on the assumption on the frequency error at the network side as discussed in Annex A.  

Because a small cell node accommodates only low speed UEs (e.g. 0-3km/h depending on small cell study), the evaluation in RAN1 could focus on only low speed. 
Discussion 
For HomoNet scenario, the main use case would be efficient band filing scenario as in [3]

 REF _Ref345342285 \n \h 
[4]. For other HomoNet scenarios, use of backward compatible carrier would be sufficient. Therefore, supporting only synchronized carrier is sufficient. For HetNet scenarios, an enhanced operation with small cells is studied in small cell enhancement. Therefore, it is desired to discuss NCT for HetNet scenarios together with enhanced small cell operation. 
In Rel-11 discussion, synchronized carrier and unsynchronized carrier are considered. On the other hand, as described in WID, aspects related to small cell enhancement are taken into account for the design of new carrier type in Phase 2. Defining three types of new carriers, i.e. synchronized carrier, unsynchronized carrier and new carrier for small cell, is not desired because reduction of the options is one of the important aspects in the standardization. 

For small cell enhancement, discovering and identification of small cell (or virtual/soft/phantom cell) is essential function. For this purpose, PSS/SSS would not be sufficient because it is required to support very large number of small cells and to detect them in very bad geometry for efficient cell DTX, in our view. Therefore, it is necessary to use other signal, e.g. PRS, CSI-RS, other discovery signal, for cell detection and identification. Furthermore, traditional “cell” concept is not necessarily kept for small cell enhancement but soft/phantom/virtual cell approach will be introduced. For such deployment, reduction of common cell specific control signaling and common cell specific reference signal is quite important. Therefore, transmission of neither PSS/SSS nor CRS is desired. If we specify synchronized carrier with PSS/SSS and CRS (with some reduction) in NCT WI Phase 1, it is likely to specify another type of new carrier having similar functionality but more optimized for small cell deployment. In order to avoid duplicated functions for NCT, it is desired to study synchronized carrier together with small cell enhancement, i.e. in NCT WI Phase 2.

3 Conclusion

For new carrier types, minimizing common cell specific control signalling and cell specific common reference signals are essential. In order to avoid unnecessary or excessive channels and signals, it is important to limit the scenario to be optimized. In this contribution we discussed the scenarios for new carrier types including HomoNet, HetNet using 2 CCs per node and HetNet using different carriers for macro and small cell with ideal/non-ideal backhaul. 
In order to reduce the number of types for new carriers, we propose to support only synchronized carriers in phase 1, and study unsynchronized carriers together with small cell aspects in phase 2. 
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Annex A: discussion on time/frequency synchronization

In [5], the level of timing synchronization was discussed. In this annex, we discuss different aspects of synchronization. Discussion on the synchronization should be split to following categories. Different topics are partly related but partly isolated, but the effects are differently observed. Just to mix them as the term "synchronization" is confusing the discussion. Following is rather initial attempt for the distinction.
Tx side: frequency error measured over short period

This is jitter aspect of frequency error. According to TS36.104 section 6.5.1.1, accuracy is defined as following as the measurement over 1 subframe.
From UE receiver perspective, the sum between this error and the Doppler shift due to radio channel are seen as the short-term frequency variation. Therefore, if UE target velocity is low speed, the error generated by this is small from channel estimation performance perspective except CoMP JT. 
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Local Area BS
	±0.1 ppm

	Home BS
	±0.25 ppm


Tx side: timing error measured over short period
This is relating the requirement of TAE(time alignment error) defined in TS36.104 section 6.5.3 as follows. 
For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.
For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 1.3 μs.

For UE receiver perspective, the sum among above TAE, propagation delay and channel delay variation are seen as the timing difference observed at the UE. It impacts to the decision on FFT timing. As far as the total delay/variation are within channel propagation delay assumed by UE, the error generated by this is not so visible for FFT timing setting perspective.
Tx side: frequency/timing error measured over long period
This is also called as wander aspect. Even each eNB has ±0.05 ppm accuracy over 1 subframes, the accumulation of ±0.05 ppm error makes bigger timing difference. For example, if 0.05ppm error continues among eNBs, after 5.5 hours, 1ms timing difference is observed at UE side. In order to avoid such timing variation after long period, TS36.104 section 6.5.1 defines "the same source shall be used for RF frequency and data clock generation". But, we are not sure this requirement is valid also for small cell especially if the backhaul is Ethernet based one and only PS based network. We see the need of some specification on how UE should model the network behaviour on the timing difference between carriers. 
Channel: difference of the fading/doppler

This aspect is seen over shot period. Different frequency bands have different behaviour. 
Channel: difference on propagation delay

This aspect is seen over long period. If node location is same, it could be seen as similar or the same. eNB characteristics are defined at antenna connector. Therefore, feeder cable delay to the antenna is also impact on this propagation delay. In case repeater is deployed, especially frequency selective repeater, the propagation delay could be different even the node location are same.
Annex B: description in WID
Justification (in feature part)
Minimizing legacy control signalling and common reference signals reduces the interference and overhead level at low-to-medium loads, allowing for higher end-user throughput and improving system spectral efficiency. This seems especially appealing at the cell edge of homogeneous deployments, in a cell range expansion zone of heterogeneous deployments and for the enhanced local area access in the deployment scenario of low-power nodes with/without coverage of an existing macro-node layer. Furthermore, it reduces network energy consumption, e.g., to minimize the cost of the energy to operate the radio network or to facilitate new deployment scenarios. Network energy efficiency is to a large extent an implementation issue. However, specific features of the specification may enable enhancements in energy efficiency, e.g., by allowing base stations to turn off transmission circuitry when there is no data to transmit. 

The New Carrier Type could be used in conjunction with carrier aggregation of a legacy LTE carrier, in case the targeted block of spectrum does not allow for a standalone operation, e.g., unpaired FDD spectrum. Furthermore, the New Carrier Type could be used in standalone mode, e.g., in TDD or paired FDD blocks. 
When the New Carrier Type is aggregated with an adjacent legacy carrier, synchronization might be provided by the legacy carrier. At least in the case of aggregating non-adjacent carriers and in case of standalone operation the New Carrier Type needs to provide a proper synchronization signal for discovery and time/frequency tracking.

The work in this Work Item will consider the work in the other Rel-12 Work Items.
Objectives (in core part)
The objective of the work item is the following:

In a first phase specify the New Carrier Type being aggregated with a legacy LTE carrier. 

· Specify necessary enhancements for transmission of data and control as well as the necessary UE mobility support on the New Carrier Type.

· Evaluate the benefits achievable from the standalone New Carrier Type over those achieved from legacy LTE and from the carrier aggregated New Carrier Type 

· Identify the scenarios for the standalone New Carrier Type

In a second phase specify enhancements to the New Carrier Type also considering the findings of the small cell related Rel-12 studies (from RAN#61)

· If justified by the evaluation, specify necessary means to allow standalone and macro-assisted operation on the New Carrier Type, including

· A broadcast mechanism to acquire system information, a common search space for ePDCCH and UE mobility support.

· If justified by the small cell related studies, specify necessary means to support a dual dormant / active state, which means DTX like eNB behaviour (with long DTX cycles) and corresponding UE procedures, with or without reduced CRS in the active state. Note that the dual dormant / active state can be specified for NCT aggregated with a legacy carrier and / or operating in a macro assisted mode even if the standalone carrier is not justified by the evaluation. 

· Verify the suitability of the solutions specified in the first phase for the purposes of standalone New Carrier Type operations and small cells and update the necessary functionalities and signals if necessary.

· Specify corresponding UE and eNB core requirements

Note that the work will proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item.

Note that small cell related enhancements will include also non-NCT related solutions, which will be specified in other WIs.
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