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1 Introduction

In RAN #57, new carrier type work item was approved [1]. In a first phase of NCT WI, the main focus is to specify the new carrier type being aggregated with a legacy carrier. The agreements and working assumptions in previous RAN1 meetings would be the starting point for Rel-12 NCT WI. Thus we briefly summarize the agreements and working assumptions related to a synchronized carrier in previous RAN1 meetings.
In RAN1 #67, the following agreement was made on the additional carrier type [2].
In the design of the new carrier type, support shall be provided for operation in both of the following scenarios (not necessarily equally optimized for both cases – take into account the gain that can be achieved):

· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).

Note that synchronization is considered from the perspective of the UE receiver.
In RAN1 #68bis, the following is agreed that [3],
Consider until RAN1#69 whether the synchronized carrier case as defined in RAN1#68 is an important case to be taken into account in the NCT design in Rel-11, e.g. with respect to optimisations such as non-presence of PSS/SSS etc.
Based on these previous conclusions, this contribution discusses use cases and the benefits of synchronized NCT, and then presents a few design considerations of synchronized NCT.
2 Use case of synchronized NCT
By the agreed definition of synchronized carrier, a synchronized NCT is synchronized with a legacy carrier in time and frequency so that separate synchronization processing is not required by a UE for the synchronized NCT. Even though it may be up to eNodeB implementation to determine a synchronized carrier, in general, to synchronize two carriers in time and frequency, signals of two carriers would be transmitted through a single transmit chain and co-located antenna.
To examine the deployment possibility of synchronized NCT, we consider above conditions to be satisfied in carrier aggregation deployment scenarios. There are five carrier aggregation deployment scenarios identified in [4]. Among these CA scenarios, a possible carrier aggregation scenario for satisfying the above conditions is CA scenario #1 depicted in Figure 1. In CA scenario #1, two cells with different carrier frequencies F1 and F2 are co-located and overlaid, providing nearly the same coverage. In addition, intra-band contiguous carrier aggregation is more suitable in this scenario. In fact, RAN4 work items about intra-band contiguous carrier aggregation have been progressed (e.g., for band 7, band 38, and band 41) and synchronized NCT can be deployed in these carrier aggregation scenarios. Hence, support of synchronized NCT will give flexibility to operators whether they would deploy a NCT in synchronized or un-synchronized manner.

[image: image1.emf]F1 F2


Figure 1. CA scenario #1
3 Benefit of synchronized carrier

3.1 ICIC benefit

We can expect that there is ICIC benefit by introducing a carrier with no PSS/SSS/tracking RS (TRS) as shown below. 
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Figure 2. An example of ICIC benefit in HetNet
A HetNet scenario for introducing ICIC benefit with synchronized NCT is shown in Figure 2. In this figure, a macro cell and a pico cell use the same frequency F1. The macro cell uses F1 as a Scell and the pico cell uses it as a Pcell. UE2 received data from the macro cell and UE1 is connected to the pico cell. If the macro-cell configures the F1 SCell as synchronized NCT where PSS/SSS and TRS is absent, UE1 – a cell edge user of pico-cell – can have higher SINR (i.e., lower interference from macro-cell) by cooperation of frequency domain ICIC in every subframe without strong interference from PSS/SSS and tracking RS. In addition, by not scheduling PDSCH (or scheduling reduced power PDSCH) over the center 6RB by macro-cell, UE1 will be able to receive PSS/SSS from pico-cell which may not be achievable with a legacy carrier or even with unsynchronized carrier if macro-cell and pico-cell are synchronized.
Moreover, it is shown that the DL throughput increases significantly on the cell edge by operating with a CRS-free additional carrier in [5]. It means that UE1 would receive its data more successfully even though it is located in the edge. Therefore, an UE in the pico cell edge would be able to receive signal by using un-overlapped region with the macro when the macro uses a synchronized NCT.

3.2 Overhead reduction

In addition to the benefits discussed so far, synchronized NCT provides overhead reduction since PSS/SSS and TRS do not need to be transmitted in synchronized NCT. We show the overhead reduction by synchronized NCT as below. 

	System Bandwidth
	Total REs per Radio Frame
	Overhead of PSS/SSS/TRS
	Overhead Reduction
	Available REs for PDSCH per Radio Frame (Unsync)
	Available REs for PDSCH per Radio Frame (Sync)
	Increase in PDSCH REs

	1.4MHz
	10080
	240
	2.4%
	9648
	9888
	2.49%

	3MHz
	25200
	384
	1.5%
	24336
	24720
	1.58%

	5MHz
	42000
	544
	1.3%
	40656
	41200
	1.34%

	10MHz
	84000
	944
	1.1%
	81456
	82400
	1.16%


Overhead Reduction column shows the overhead by transmitting PSS/SSS/TRS in each operating bandwidth assuming TRS is transmitted every 5 ms with full bandwidth, which shows about 1.1 to 2.4% overhead reduction if synchronized carrier is fully utilized. Also, the last column shows that the number of available REs for PDSCH increases around 1.2 to 2.5 %. 
Considering the benefits discussed so far, and considering the complexity to fully utilize synchronized carrier is not significant, in fact only one signaling is necessary to support synchronized carrier where a UE is configured with a reference carrier where a UE performs tracking, our preference is to allow a carrier without PSS/SSS/TRS present.

3.3 Tracking performance improvement for narrow bandwidth

Another benefit of synchronized NCT is that a narrow-band carrier can obtain improved tracking performance. When a carrier with a narrow bandwidth is a synchronized carrier, it can use CRS of a synchronization reference carrier for time/frequency offset tracking.
Assume that there is a synchronized carrier with narrow bandwidth and its synchronization reference carrier has a wide bandwidth. Then, the tracking performance of a synchronized carrier can be improved since the carrier can use 1) RS with smaller transmission period (CRS) and 2) RS with a wider bandwidth.
Frequency tracking performances for different RS transmission period and different RS transmission bandwidth are simulated in Figure 3. In this simulation result, frequency tracking performance using TRS is worse than the performance using CRS since TRS has 5ms transmission period whereas CRS is transmitted in every subframes. In addition, the frequency tracking performance is more declined when a carrier has a 1.4MHz bandwidth compared to the performance of a carrier with 10MHz bandwidth. For instance, with 90% probability, tracking using CRS in 10MHz shows less than 100Hz error whereas tracking using TRS in 1.4MHz shows around 400Hz error. The detailed simulation assumptions are specified in Table 1 in the Annex.
The impact of frequency tracking performance on data transmission is shown in Figure 4. BLER and throughput performance of PDSCH transmission for 0, 20, 100, and 200Hz frequency tracking error are simulated, and the detailed simulation assumptions are shown in Table 2 in the Annex. For example, if we compare 100Hz and 200Hz tracking error, approximately 1dB gain is shown when BLER is 0.1 and throughput gain is around 80% at SNR = -8dB. These results show that the data transmission performance is gained by reducing frequency tracking error. So tracking in synchronization reference carrier can support data transmission of a narrow-band carrier.
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Figure 3. Frequency tracking performance with TRS and CRS transmission on 1.4 MHz and 10 MHz system bandwidth
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Figure 4. (a) Block error rate and (b) throughput performance with various frequency tracking errors
4 Design considerations on synchronized NCT
4.1 PSS/SSS and tracking RS absent carrier

So far, we show that introducing a synchronized carrier where PSS/SSS/TRS is not present and time/frequency tracking can be performed at the reference carrier offers better spectral efficiency and data throughput from better tracking performance. Besides, the absence of PSS/SSS/TRS allows even more flexible use of NCT carriers for HetNet scearios. Based on these observations, we propose to allow not transmitting PSS/SSS and TRS in synchronized NCT as UE does not require a separate synchronization on sync carrier.
Proposal 1:  PSS/SSS/TRS absent synchronized NCT should be introduced.

4.2 Synchronization reference carrier

A synchronization reference carrier is a legacy carrier to be used for time and frequency synchronization of  a synchronized NCT Hence we propose that the synchronization reference carrier should be configured to an UE via higher-layer signaling. 
Proposal 2:  A synchronization reference carrier of a synchronized NCT should be configured by higher-layer.
A synchronized NCT may rely on the synchronization reference carrier for RSRP/RSRQ measurement. However, there would be a gap between the amount of interference in a synchronized NCT and its synchronization reference carrier. Therefore, RSSI measurement on a synchronized NCT itself would be desirable.

4.3 RRM measurement

In current specification, UE should report RSRP/RSRQ to eNodeB for RRM, and these measurements are based on CRS. However, PSS/SSS and tracking RS absent synchronized NCT does not carry CRS or tracking RS. So other candidates to perform RRM measurement in synchronized NCT should be considered.

For RSRP measurement in a synchronized NCT, we can consider following alternatives.

Alternative 1:  CRS of synchronization reference carrier based RRM

· A synchronization reference carrier and a synchronized NCT would have same or similar propagation and channel characteristic. So RSRP measurement of a synchronized NCT can be obtained from synchronization reference carrier. 
Alternative 2:  CSI-RS based RRM

· Since a synchronized NCT does not have tracking RS, using CSI-RS of the synchronized NCT for RSRP measurement can be another candidate.

To obtain RSRQ, RSRP and RSSI measurement should be performed. There would be a gap between the amount of interference in a synchronized NCT and in a synchronization reference carrier. So RSSI measurement on synchronized NCT itself is desirable.

Proposal 3:  RSRP measurement of a synchronized NCT can be performed by CRS of a synchronization reference carrier or CSI-RS of the synchronized NCT.

Proposal 4:  RSSI measurement of a synchronized NCT can be performed based on the synchronized NCT.
5 Conclusion
In this contribution, PSS/SSS and tracking RS absent synchronized NCT is proposed. Also this contribution discussed about benefit of synchronized NCT and several issues related to synchronized NCT. This contribution can be summarized as follows.
Proposal 1:  PSS/SSS/TRS absent synchronized NCT should be introduced.
Proposal 2:  A synchronization reference carrier of a synchronized NCT should be configured by higher-layer.

Proposal 3:  RSRP measurement of a synchronized NCT can be performed by CRS of a synchronization reference carrier or CSI-RS of the synchronized NCT.

Proposal 4:  RSSI measurement of a synchronized NCT can be performed based on the synchronized NCT.
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7 Annex
Table  1. Evaluation assumptions for frequency tracking for the new carrier type

	Parameter
	Setting

	Channel bandwidth
	1.4 MHz, 10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	EVA 100 km/h

	Initial frequency uncertainty
	Uniformly distributed in [- 500, +500] Hz

	Initial time uncertainty window
	Uniformly distributed in [-1.175, 1.175] μs

	Total number of subframes measured (including the subframes where no CRS/CSI-RS is transmitted)
	10 subframes

	SNR
	-8 dB


Table 2. Evaluation assumptions for PDSCH transmission for the new carrier type

	Parameter
	Setting

	System bandwidth 
	1.4 MHz 

	Carrier frequency 
	2 GHz 

	Channel profile 
	EVA 100km/h 

	Transmission mode 
	TM9 

	Antenna configuration 
	Tx: 4, Rx: 2

	Rank 
	1 

	PDSCH starting symbol 
	0 

	PDSCH RBs 
	Full RBs 

	CSI feedback 
	Ideal 

	Channel estimation 
	Frequency domain: MMSE with PRB bundling

Time domain: Subframe average 
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