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1 Introduction

In the RAN1#68bis meeting, RAN1 has reached the following agreement for the unsynchronized new carrier type (NCT) for carrier aggregation enhancement:

Agreement: For the case of a carrier of the new type being “unsynchronised”, 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)

In Rel-8 CRS design, a cell-specific frequency shift is applied for cell-specific reference symbols (CRS). In this contribution, we provide our views on the cell-specific frequency shift for the Rel-12 unsynchronized NCT CRS design.
2 Discussions 
CRS frequency shift

In downlink transmission, there are 504 different CRS sequences defined, where each sequence corresponds to one of 504 different physical-layer cell identities. During the cell-search procedure, UE detects the physical-layer identity of cell 
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and knows the CRS sequence of the cell. In Rel-8, there are six frequency shift patterns defined for CRS which depend on the physical-layer identity of the cell by 
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[1]. By properly assigning physical-layer cell identities to neighboring cells, this shift helps to avoid collisions between CRSs of neighboring cells. 

Using different frequency shifts for neighboring cells is particularly important when the reference-signal power boosting is used to improve the reference-signal SIR. If the CRS of adjacent cells were transmitted using the same time/frequency resource, the boosted CRS of one cell would be interfered by equally boosted CRS of the neighboring cells, leading to no gain in the reference-signal SIR. 

However, based on the discussions during the RAN1 #68bis meeting, the main targets of CRS in NCT are for (1) time and frequency tracking and (2) RRM measurement, and it will not be used for demodulation purposes in NCT. Thus, a potential benefit can be realized by keeping the CRSs in the neighboring cells in the same position instead of applying a cell-specific frequency shift. Specifically, removing cell-specific frequency shifts will be beneficial for some scenarios such as eICIC and DL CoMP because if the collision between CRS and PDSCH in neighboring cells is minimized, the PDSCH performance is expected to be improved. Figure 1 shows the BLER comparison for the cell edge UE for different type of the receiver structures. 

Another motivation of using cell-specific frequency shift for CRS in Rel-8 was the performance of interference measurements, where CRS colliding with PDSCH is desirable in order to capture PDSCH loading information of the interfering cell. In the case of NCT in Rel-12, the CRS may not be used for interference measurements by using CSI-RS for that purpose and, thus, cell-specific frequency shift of CRS may not be needed. 

Proposal:
· Cell-specific frequency shift for CRS is not used in Rel-12 new carrier type.
CRS collision avoidance

If the Rel-8 design with CRS with frequency shift is still found to be useful in NCT particularly considering the dense small cell scenarios, we propose to consider additional mechanisms to avoid collisions between CRS of different cells. For example CRS of different cells may be transmitted on the subframes other than subframe 0 and 5 depending on RRC configuration (see Figure 1a). It is noted that PSS and SSS need to be shifted together with CRS not only in cell planning perspective but also in network energy saving perspective. PSS/SSS shifting can help to alleviate the cell planning efforts resulting from the limited number of PSS codes as well as from some combinations of band cross-correlation for SSS [2]. Up to 8 subframes within a radio frame can be turned off by locating PSS/SSS and CRS within the same subframe. Figure 1b depicts the example applying CRS shifting but not applying PSS/SSS shifting. With this example, up to 6 subframes within a radio frame can be turned off. The shifting of CRS can be either configured by RRC signaling or predetermined in conjunction with physical cell-identities. If a standalone NCT is supported, cell ID based CRS shifting is more preferred since a UE can perform the initial cell search appropriately.
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Figure 1a: CRS collision avoidance by subframe shift with PSS/SSS shift (FDD)
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Figure 1b: CRS collision avoidance by subframe shift without PSS/SSS shift (FDD)
Proposal: 

· If Rel-8 CRS design with frequency shift is still found to be useful for NCT particularly considering the dense small cell scenarios, it is proposed to adopt additional mechanisms to avoid collisions between CRS of different cells (e.g. Cell ID dependent or RRC configurable subframe shift of CRS together with PSS/SSS subframe shift).

CRS randomization 


In Rel-8 CRS is modulated with QPSK symbols, generated from pseudo-random binary sequence. The sequence is initialized at each downlink subframe and repeated every radio frame. In case of colliding CRS the CRS interference averaging gain may be limited by the number of downlink subframes where CRS is present. Therefore in NCT scenarios where only two downlink subframes are used for CRS transmission other approaches for CRS sequence initialization may be considered (e.g. every multiple radio frames).
Proposal:
· To improve interference randomization from CRS consider other approaches to initialize CRS sequence (e.g. every multiple radio frames).
3 Conclusions
In this contribution, we have provided our views on the cell-specific frequency shift for the NCT CRS design. The following proposals were made
Proposal: 

· Cell-specific frequency shift for CRS is not used in Rel-12 new carrier type.
· If Rel-8 CRS design with frequency shift is still found to be useful for NCT particularly considering the dense small cell scenarios, it is proposed to adopt additional mechanisms to avoid collisions between CRS of different cells (e.g. Cell ID dependent or RRC configurable subframe shift of CRS together with PSS/SSS subframe shift).

· To improve interference randomization from CRS sequence, consider other approaches to initialize CRS sequence (e.g. every multiple radio frames).
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