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Introduction
A work item for New Carrier Type (NCT) for LTE Release 12 was approved in RAN plenary 57 [1]. In the first phase, the objective of this work item is to specify necessary enhancements for transmission of data and control as well as the necessary UE mobility support on the NCT. Regarding the synchronization signaling on the NCT, the discussion started in Release 11 under the work item for LTE Carrier Aggregation Enhancements. Particularly, the conflict between PSS/SSS and DM-RS in the central 6 PRBs on the NCT is possible unlike the transmission on the legacy carrier. To solve this conflict,  three alternative solutions were proposed in RAN1 69, i.e., 

· Alt 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS

· 1a: keeping Rel-8 relative locations of PSS/SSS: 

· 1b: change relative locations of PSS/SSS

· Alt 2: Change the DM-RS pattern on NCT (i.e. in all subframes) to give better performance for PDSCH demodulation in the absence of a legacy control region (and thereby also avoiding collisions with PSS/SSS)

· Alt 3: Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. 

· 3a: Puncture DM-RS: 

· 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS

Furthermore, the following agreement was achieved in RAN1 69:

The existing DM-RS patterns will be used on the NCT (subject to possibly being with puncturing as per Alt 3a) 
In this contribution, we take this agreement as the starting point and provide our consideration on Alt 1 and Alt 3. 
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Collision between DM-RS and PSS/SSS 
The PSS/SSS is transmitted in the central 6 RBs on the legacy carrier. In FDD mode, the REs located in the 6th and 7th OFDM symbols (for normal CP length) or in the 5th and 6th OFDM symbols (for extended CP length) in subframes 0 and 5 of each radio frame are reserved for the PSS/SSS transmission. If the central 6 PRBs in subframes 0 and 5 are scheduled for DM-RS based transmission, there will be collision between the DM-RS and PSS/SSS as shown in Fig. 1. 
To avoid the collision between the DM-RS and PSS/SSS in the central 6 RBs, the DM-RS-based transmission is not allowed in those RBs in Release 10/11. However, for the NCT in Release 12, it was agreed that the CRS will not be used for the demodulation, which means the DM-RS-based demodulation is the only option if the central 6 RBs are used for data transmission. Thus, the potential collision between DM-RS and PSS/SSS needs to be addressed. 
One of the simplest ways to address this issue is to forbid PDSCH transmission in the central 6 RBs. This solution causes the waste of radio resource in subframes 0 and 5, which is not favorable especially for a system with small bandwidth. 
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Fig. 1 Collision between PSS/SSS and DM-RS
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Time-shifting of PSS/SSS
One possible way to address the issue mentioned in Section 2 is to move the PSS/SSS in new time locations for the NCT. An example is given in Fig. 2, where the locations of the PSS/SSS are changed to the 2nd and 3rd OFDM symbols for both normal CP and extended CP cases [3]. Potential motivations for changing the time/frequency location for the NCT were summarized in RAN1 68bis [4]. They are 1) to prevent legacy UEs from the acquisition of the NCT, 2) ICIC, and 3) DM-RS avoidance in central 6 PRBs. However, there are some disadvantages to make the PSS/SSS location on the NCT different from that on the legacy carrier. For example, the Release 12 UE needs to handle extra PSS/SSS locations, which makes the cell acquisition more complicated. Furthermore, the new PSS/RSS occupy extra PDSCH REs in order to avoid collision with DM-RS REs, which will increase the system overhead, the PDSCH coding rate, and eventually reduce system performance. In addition, the new location of the PSS/SSS needs to be carefully chosen to prevent legacy UEs from the acquisition of the NCT. In the example given in Fig. 2, as long as the legacy UE is able to decode the new PSS/SSS, the legacy UE may still claim successful cell synchronization and move to subsequent procedures after PSS/SSS acquisition. This will not save UE from NCT acquisition. 
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Fig. 2 Time-shifting of PSS/SSS
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DM-RS puncturing solution
Another solution to solve the problem of the collision between the DM-RS and PSS/SSS is to puncture the DM-RS REs that are colliding with the PSS/SSS.  This solution does not require new PSS/SSS design, which simplifies the specification for the NCT. Furthermore, the reference signal overhead of the DM-RS puncturing solution is lower than the PSS/SSS time shifting solution as shown in Table 1. However, since the number of the available DM-RS REs for the demodulation is reduced, this will reduce the accuracy of channel estimation. In Fig. 3 and Fig. 4, we show the performance degradation of the DM-RS puncturing in terms of channel estimation error. In the simulation, we assume 10 Mhz system bandwidth but only focus on the central 6 RBs. The other simulation assumptions are listed in the appendix. We can see that the performance gap between DM-RS puncturing and PSS/SSS time shifting (i.e., without DM-RS puncturing) is quite small especially in high SNR regime in the case of 5Hz Doppler shift. Therefore, the DM-RS puncturing solution should be considered in order to solve the collision between the PSS/SSS and DM-RS on the NCT. In the case of 70Hz Doppler shift, the performance gap becomes larger (around 2-5dB). If the DMRS puncturing solution is adopted, the eNodeB should avoid scheduling high mobility UEs in the central 6 RBs. 
Proposal: The DM-RS puncturing based solution should be considered in order to solve the collision between the PSS/SSS and DM-RS on the NCT.
Table 1. Overhead comparison in subframes 0 and 5 (FDD, normal CP length)

	Scheme
	Overhead 

	
	Number of Layers <=2 
	Number of Layers > 2

	DMRS Puncturing
	22.62%
	26.19%

	Time-shifting of PSS/SSS
	26.19%
	33.33%
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Fig. 3 Channel estimation error for 5 Hz Doppler shift
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Fig. 4 Channel estimation error for 70 Hz Doppler shift
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Conclusion 
In this contribution, we considered the issue of the collision between the PSS/SSS and DM-RS on the NCT and compared two solutions: time-shifting of PSS/SSS and DM-RS puncturing. Based on the simulation results, overhead analysis, and specification impact, we have the following proposal:
Proposal: The DM-RS puncturing based solution should be considered in order to solve the collision between the PSS/SSS and DM-RS on the NCT.     
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Appendix 
Table 2. Simulation assumptions.

	Parameter
	Setting

	Transmission bandwidth
	10 MHz

	Channel model
	ETU

	Doppler Shift 
	5Hz and 70Hz

	Transmission mode
	TM9, Rank-1

	Antenna configuration
	2 TX, 2 RX

	PDSCH starting symbol
	0

	Antenna correlation
	Low [5]

	Channel estimation
	Frequency domain: MMSE interpolation

Time domain: Linear interpolation
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