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1 Introduction
The work on a new carrier for LTE was postponed from Rel-11 to Rel-12 and a work item for a new carrier type in Rel-12 was approved in RAN #57 [1]. The WI was updated at RAN#58 [2]. Work was split into two phases. In the first phase, a new carrier aggregated with a legacy LTE carrier is to be specified and the scenarios and achievable benefits of standalone operations are to be identified. In the second phase, enhancements to the new carrier type are to be specified including stand-alone operation (if justified in first phase) and optimizations for small cells taking into consideration input from the small cell study item.

During Rel-11 work, in RAN1 #68bis, the following agreement was reached on RS port for the new carrier [3].

Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity
· This RS port is not used for demodulation
· FFS how RSRP measurements would then be handled for the NCT 
· Bandwidth of the RS port is FFS until RAN1#69 between one of:
· full system BW, and
· min(system BW, X) where X is selected from {6, 25}RBs
· configurable between full system BW and min(system BW, X)

Agreement (for unsynchronised cases): Rel-8 PSS/SSS sequences are transmitted.
An LS stating this agreement was sent to RAN4 seeking guidance on the following questions [3].
· From the perspective of time and frequency tracking accuracy, which bandwidth (as listed in the agreement above) is considered as sufficient?

· How should the RRM measurements be handled for the new carrier type?

· If the RRM measurements are performed based on the RS port described above, which bandwidth (as listed in the agreement above) is considered as sufficient?
In RAN4 #66bis, a reply LS was sent to RAN1 which stated the following.  
· Observations 
· For system bandwidth up to 25 RBs, 
· full CRS bandwidth is required for time-frequency tracking performance with 5ms periodicity
· For the system bandwidth of 6 PRBs, there is no consensus whether robust time-frequency tracking performance can be guaranteed with full CRS bandwidth and 5 ms periodicity
· For system bandwidth larger than 25 RBs, 
· full CRS bandwidth is beneficial to improve time-frequency tracking performance and RRM measurement accuracy
· CRS bandwidth with 25 RB can satisfy the minimum RRM measurement requirement
· Conclusions:
· Full system bandwidth for the RS-port 0 improves time tracking, frequency tracking performances, and RRM measurements accuracy
· There is no consensus on whether bandwidths lower than full bandwidth of the RS-port is sufficient
It is evident from the conclusions in the RAN4 LS that full system bandwidth is sufficient, but there was no consensus in RAN4 on whether bandwidths lower than full bandwidth are sufficient. Based on this information, it is up to RAN1 to decide on what the bandwidth of the RS port with 5 ms periodicity should be. In this paper we evaluate the demodulation performance for small system bandwidths and discuss the RS port (henceforth referred to as the extended synchronization signal or ESS) bandwidth for the NCT. 
2 Performance with small system bandwidth
In this section, we discuss demodulation performance with small system bandwidths. The configuration assumes that one CRS port is present for the legacy carrier, and the ESS (one CRS port in one out of five subframes) is present for the NCT. All demodulation is performed using UE-specific RS ports, as is expected to be the case with transmissions on the NCT. The main evaluation assumptions are listed in Table 1.

Table 1: Evaluation assumptions

	Parameter
	Setting

	Carrier frequency 
	2 GHz 

	System bandwidth
	1.4, 3MHz

	Channel model
	ETU 3km/h, ETU 30km/h, ETU  120km/h

	CP length
	Normal CP

	Location  and number of PDSCH RBs
	Fixed, 6 PRBs contiguous

	Transmission mode
	TM9

	Antenna configuration
	2 TX, 2 RX

	Rank
	Rank adaptation (1 or 2)

	PDSCH/EPDCCH starting symbol
	The first OFDM symbol

	Overhead assumption
	No PSS/SSS/CRS/CSI-RS for all subframes except 0,5
12 REs/PRB for DMRS

	Antenna correlation [1]
	Low 

	CSI feedback
	Non-ideal

	HARQ for PDSCH
	Yes, with max 4 transmissions

	Adaptive modulation and coding for PDSCH
	Yes


Figure 1 presents the demodulation performance with an RB allocation of 6 PRBs in a system bandwidth of 1.4 and 3 MHz for the LCT ( legacy carrier type) and NCT. The UE is assumed to be in an active state (continuous reception of subframes) so that the UE has the opportunity to perform time and frequency tracking with the help of CRS/ESS received over many subframes. The results show that the CRS port periodicity has a very minor impact on throughput performance mainly for the 1.4 MHz case at very high SNRs and data rates. These minor losses are more than made up for by the system throughput gains of the NCT [5].
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Figure 1: Demodulation performance in active state (continuous reception of subframes)
Figure 2 presents the demodulation performance in a scenario where the UE does not have the opportunity to average its time and frequency estimates over many subframes before performing demodulation. For example, this could be the case when the UE wakes up from a long DRX cycle and receives data immediately thereafter. Due to clock drift, there may be some additional frequency and time errors when the UE wakes up. In this situation, in the case of NCT, the UE may only get one or two subframes with CRS ports for tracking operations (before it must receive data), whereas, in the case of LCT, the UE may get 5 or 10 subframes with CRS ports. In order to model this situation, we simulate demodulation performance with fixed residual errors remaining in each subframe after completion of tracking operations.
In Figure 2, we consider residual time and frequency errors corresponding to a 640 ms and 1280 ms DRX cycle with a clock drift rate of 0.1 ppm during the sleep cycle for the new carrier type. The figures also show the performance for continuous reception as a reference. The UE is assumed to be allocated 3 PRBs in a 1.4 MHz bandwidth and uses the DM-RS in the allocation to compensate for time and frequency error. Here a fixed transport format is used with no HARQ: Rank-1, QPSK, coding rate 1/3. This could be considered typical for a UE coming out of long DRX when no CQI report is yet available.
The figures show that there is no performance loss for the 640 ms DRX cycle and a minor loss for the 1280 ms cycle for low speed when compared to the continuous transmission reference case. It should be noted that a constant maximum residual error has been used here which models worst case performance. In practice, absolute residual errors can vary anywhere between zero and this maximum limit thus rendering the performance shown here to be pessimistic. The figures do not include the effect of HARQ, which is expected to narrow the differences further. It should be noted that a UE typically has to wake up many subframes before reception of actual data even for a legacy carrier in order to carry out various functions to get the UE ready to receive data. In addition, in low SNR or longer DRX cycle situations, the performance can be further improved by using averaging over additional subframes. 
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Figure 2: Demodulation performance in first subframe after a long DRX cycle
Based on the demodulation performance simulations provided in this section and the above discussion, we conclude that the RS port periodicity is sufficient for the case of small system bandwidths.

Observation: Performance evaluations indicate that an RS port periodicity of one in five subframes is sufficient for the case of small system bandwidths.

3 RS port bandwidth
RS port bandwidth for time and frequency tracking accuracy was discussed in [4]. Simulation results for time and frequency tracking performance for RS port bandwidths ranging from 6 RBs to 50 RBs (full system bandwidth) were provided. The results showed that time tracking accuracy heavily depends on RS port bandwidth and this can result in performance improvements especially at higher data rates. For example, Figure 1 shows some improvement at high SNRs and data rates when increasing the ESS bandwidth from 1.4 to 3 MHz. It was noted during discussions in RAN4 that RSRQ measurements over wider bandwidths are more reliable when one or more neighbor cells may deploy UTRA FDD or operate with a smaller bandwidth [6]. It was also noted that UL autonomous transmit timing adjustment requirements are dependent on bandwidth to some extent and rely on the wideband reference signals to derive downlink timing. Based on the above, we make the following observation.

Observation: It is preferable for the RS port bandwidth to be transmitted over the full system bandwidth from the perspective of performance, RRM requirements and UL autonomous transmit timing requirements.
4 Conclusions
In this paper we discussed the RS port bandwidth for the NCT. The following observations were made.
Observation: Performance evaluations indicate that an RS port periodicity of one in five subframes is sufficient for the case of small system bandwidths.

Observation: It is preferable for the RS port bandwidth to be transmitted over the full system bandwidth from the perspective of performance, RRM requirements and UL autonomous transmit timing requirements.
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