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1. Introduction

In RAN1 #68bis the time-frequency location of PSS/SSS on Rel-11 NCT was discussed. The following has been captured in the meeting notes [1]

Conclusion:

· Currently no consensus on the need to introduce physical layer mechanisms to prevent legacy UEs acquiring new carriers. 

· Consider until RAN1#69 at least solutions to completely resolve collisions between PSS/SSS and DM-RS

· For solutions based on modifying the PSS/SSS, consider only solutions which only change the time location of the PSS/SSS (do not consider further changing the frequency location)

· Take into account the PSS/SSS performance

In [2] we discuss on design of synchronized NCT and propose to target on unified design for both synchronized and unsynchronized NCT. In this paper, we focus on time location of the PSS/SSS, for different cases such as FDD and TDD, with normal CP or extended CP.  

2. PSS/SSS and DM-RS collisions
According to current LTE specification, the PSS/SSS pattern and DM RS pattern contain overlapping resource elements. As an example, for FDD with normal CP, PSS (SSS) will be mapped to the mid-6 PRB of the last (second last) OFDM symbol in the first slot in subframe #0 and #5 in each 10ms radio frame. One example of a Rel-10 DM RS pattern that also has DM RS resource elements in the last and the second last OFDM symbol in the first slot is given in Figure 1.
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Figure 1 Example of Rel-10 DM RS pattern, Normal CP 

In LTE Rel-10, in order to avoid PSS/SSS and DM RS collision, the following has been specified in [3] 

For frame structure type 1,

· …

· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, 8, 9, 10, 11, 12, 13 or 14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of either PBCH or primary or secondary synchronisation signals in the same subframe;

· …

There is a similar restriction specified for TDD. Basically in LTE Rel-10, the collision is solved by a scheduling restriction where a UE scheduled with DM RS shall not use the PRBs that contain PSS/SSS transmissions. For Rel-11 NCT, this restriction can be removed, given the assumption that the NCT does not need to be backward compatible.  In fact, the previous RAN1 agreements on Rel-11 NCT (e.g., reduced CRS time density) were also based on this assumption. Therefore, in the following, we will focus on alternative time locations for PSS/SSS in order to remove the scheduling restriction for DM RS-based PDSCH. 
3. Avoidance of PSS/SSS and DM RS collision
As a starting point we see a few general principles in finding new PSS/SSS time locations, i.e., 
· Principle 1) PSS/SSS shall not use OFDM symbols that contain DM RS or CRS

· Principle 2) The time distance between PSS and SSS symbols shall not increase compared to  Rel-8, to ensure similar coherent detection performance
· Principle 3) New PSS/SSS time location can use OFDM symbols which may be used by PDCCH in LTE Rel-10. 
Clearly Principle 3) is based on the assumption that PDCCH region is not present on Rel-11 NCT. There is so far no explicit agreement on this specific issue in RAN1, but it is reasonable to assume this given the agreement in the last RAN1 meeting to reducing the CRS density to 5ms. Following these design principles, we discuss on the possible PSS/SSS locations for the following cases
· FDD, NCP

· FDD, ECP

· TDD, with different DwPTS lengths 

· TDD, ECP

FDD, NCP

In Figure 2, the Rel-10 PSS/SSS and DM RS patterns are shown on the left side and a possible pattern for new PSS/SSS time locations are given on the right side. It can be seen that the new PSS/SSS time locations fulfil principle 1)-3). The new time location in Figure 2 is OFDM symbol pair {#1, #2} in the same subframes as Rel-10 PSS/SSS. Furthermore, if DM RS port #5 is not used on Rel-11 NCT, some other symbol pairs such as {#8,#9} and {#9, #10} are also possible in this case.  
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Figure 2 PSS/SSS time location for FDD, NCP
FDD, ECP
Following the case of FDD with NCP, the possible new PSS/SSS time location for FDD with ECP is shown in Figure 3. In Figure 3 and all the following figures, we use the same notations as Figure 2. The new time location in Figure 3 is OFDM symbol pair {#1, #2} in the same subframes as Rel-10 PSS/SSS. Besides, the symbol pair {#7,#8} is also a possible option. 
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Figure 3 PSS/SSS time location for FDD, ECP
TDD, with different DwPTS lengths
In Figure (4-a) and (4-b) the Rel-10 PSS/SSS locations are shown for TDD with DwPTS length 11/12 and 9/10, respectively. One possible new PSS/SSS location is then given in Figure (4-c), which use symbol pair {#10 in SF #0, #2 in DwPTS}. It can be seen that such new location fulfil Principle 1) and 3), but not Principle 2). More specifically, the time gap between PSS and SSS symbols are increased to 5 OFDM symbols, compared with 3 symbols in Rel-10.  
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(a) Rel-10 PSS/SSS and DM RS locations, DwPTS length 11 or 12
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(b) Rel-10 PSS/SSS and DM RS locations, DwPTS length 9 or 10
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(c) Possible PSS/SSS locations in Rel-11 NCT

Figure 4 PSS/SSS time location for TDD, DwPTS length 11 or 12

Alternatively, there is better option than Figure (4-c) such as symbol pair {#0, #1} in DwPTS (or DL subframe #5 if a normal subframe). As, it has been agreed in the last RAN1 meeting that CRS time density is reduced to 5ms, it is possible to make use of symbol #0 if CRS is not transmitted in the special subframe. In this case, the time distance between PSS and SSS is just 1 OFDM symbol, which is the same as Rel-10 FDD. The example is shown in Figure 5, which fulfil all Principles 1)-3).  
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Figure 5 PSS/SSS time location for TDD, Normal CP

TDD, ECP

Similar as the case of NCP, in Figure 6 the Rel-10 PSS/SSS locations and possible new locations in Rel-11 NCT are shown for the case of TDD with ECP. As discussed above, using symbol pair {#0, #1} in DwPTS (or DL subframe #5 if a normal subframe) is based on the assumption that CRS is not transmitted in these subframes. 
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Figure 6 PSS/SSS time location for TDD, ECP

Based on the discussions, we summarize our proposals in Section 4. 

4. Conclusions
In this paper, we discuss on possible new PSS/SSS time locations in Rel-11 NCT, to solve the collision between PSS/SSS and DM RS. 
We propose to use the following principles in finding new time locations for PSS/SSS

· Principle 1) PSS/SSS shall not use OFDM symbols that contain DM RS or CRS

· Principle 2) The time distance between PSS and SSS symbols shall not increase compared with Rel-8, to ensure similar coherent detection performance
· Principle 3) New PSS/SSS time location can use the OFDM symbols which may be used by PDCCH in LTE Rel-10. 
Based on these principles, our observations are

· For FDD with NCP or ECP, new PSS/SSS time location can be symbol pair {#1, #2} in the same subframes as Rel-10 PSS/SSS.
· For TDD, it is desirable to use symbol pair {#0, #1} in DwPTS (or DL subframe #5 if a normal subframe) for new PSS/SSS locations, if CRS is not transmitted in DwPTS subframe. 
References

[1] Draft RAN1 #68bis Meeting Report, v010
[2] R1-122347, On Synchronized New Carrier Type, Renesas Mobile Europe Ltd
[3] TS 36.213, v10.4.0, section 7.1

