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Introduction

In RAN1#68bis meeting, it was decided that Rel-8 PSS/SSS sequence will be transmitted in the unsynchronized new carrier type (NCT). However, the location of PSS/SSS as defined in Rel-8 may collide with the transmission of DMRS sequence in the central 6 RBs.  During RAN1#68bis meeting, it was decided to consider until RAN1#69 meeting potential solutions to prevent the collision of PSS/SSS with DMRS in NCT. For solutions based on modifying the PSS/SSS, it was further decided to consider solutions involving only time-location change and no frequency-location change. In this contribution, we provide our views on the new time location of PSS/SSS signaling in NCT.
Discussion
1.1. Design Consideration
In FDD system, the Rel-8 SSS and PSS signals are mapped onto the last and the second last OFDM symbols respectively, in the center 6 PRBs of the system bandwidth in the first slot of subframe 0 and 5.  In TDD system, the PSS signals are mapped onto the third symbol of first slot in subframe 1 and 6, whereas SSS symbols are mapped into the last symbol of second slot in subframe 0 and 5. As shown in Figure 1 and 2 respectively for FDD and TDD, the transmission of PSS/SSS symbols collide with the transmission of Rel-10 DMRS symbols using transmit antenna ports {7,..,14}. In Rel-11 NCT, CRS is not used for data demodulation purpose.  Therefore, in NCT design, for data demodulation purpose, some mechanism is required for the transmission of DMRS signaling in the central 6RBs also containing PSS/SSS. Note that, the transmission of Rel-8 DMRS using transmit antenna port 5 also collides with the transmission of Rel-8 PSS signaling for FDD case.
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Figure 1 Collision of PSS/SSS with DMRS in FDD System
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(a) TDD SF 0 or SF 5
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(a) TDD SF 1 or SF 6

(only first 4 symbols are shown here)
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Figure 2 Collision of PSS/SSS with DMRS in TDD System



The following design aspects should be considered for the new time location design of PSS/SSS in NCT:

1. Collision avoidance with existing RSs and other signaling:  If the time-symbol location of PSS and SSS signals is changed from Rel-8 design, new collision possibility of PSS/SSS with other signals may arise. In the appendix (Table 1, 2, and 3), we provide a list of such collision possibilities that may occur due to the change of the position of PSS/SSS signals for FDD/TDD normal/ extended cyclic prefix case and TDD special subframe.
2. Relative positioning of PSS/SSS signaling to a subframe/slot boundary: If PSS/SSS are positioned in the last symbol of a slot or subframe, the subframe/slot timing can be determined from PSS/SSS directly without the knowledge of cyclic prefix (CP) length. It is possible to obtain the subframe/slot timing estimation by utilizing the knowledge of CP length and the relative timing difference between PSS and SSS. However, the accuracy of such estimation will depend upon the accuracy of the CP length detection algorithms. It is therefore preferable to place the PSS/SSS at the end of a slot/subframe if possible.
3. Relative positioning between PSS and SSS: In Rel-8 FDD system, the SSS signal is located in the symbol immediately preceding the PSS symbols, whereas for TDD system, the SSS signal is located in the preceding subframe and three symbols preceding the location of PSS signals. Such close proximity of PSS and SSS signals in time enables the coherent detection of SSS signaling relative to the PSS. 
4. Prevention of NCT PSS/SSS acquisition by the legacy UEs: By changing the relative time location of PSS and SSS compare to the Rel-8 design, the acquisition of SSS by the legacy UEs can be prevented. While other mechanism is also possible to prevent legacy UEs from acquiring the NCT, a different placement of PSS/SSS in NCT can provide such mechanism and thus reducing further changes in the specifications.
5. Detectability between FDD vs. TDD and normal vs. extended cyclic prefix case: A common design for normal/extended cyclic prefix will enable simpler implementation of PSS/SSS at UE. During initial cell search, although is it not required for non-stand-alone carrier, UE may need to detect FDD or TDD from the PSS/SSS signaling. Therefore, it is preferable to have distinguishable PSS/SSS location for FDD and TDD system in order to be consistent with Rel-8 design.
1.2. Proposed time-symbol location of PSS/SSS in NCT:

Based on the discussion in Section 2.1, some possible time-symbol locations of the PSS/SSS are provided in Table 4(a), 4(b) for FDD normal and extended CP and in Table 5(a), 5(b) for TDD normal and extended CP operation. Based on Table 4 and 5, we propose the following options for PSS/SSS location in NCT:
Proposal: The following time-symbol locations are proposed for transmission of PSS/SSS in     NCT:

Option 1: In NCT, PSS and SSS will be transmitted in the second and third symbol of subframe 0 and 5 for both FDD and TDD system.
Option 2: In NCT, PSS and SSS will be transmitted in the first and second symbol of subframe 4 and 9 for FDD system. For TDD system, PSS and SSS will be transmitted in the first and second symbol of subframe 1 and 6.
Both Option 1 and Option 2 maximize the commonality between FDD/TDD and normal/extended CP system. Since PSS and SSS will be located in consecutive symbols, coherent detection of SSS with respect to PSS is possible. 
Conclusion
In this contribution, we discussed various design considerations on locations of PSS/SSS in NCT. Based on these considerations, we propose the following
Proposal: The following time-symbol locations are proposed for transmission of PSS/SSS in     NCT:

Option 1: In NCT, PSS and SSS will be transmitted in the second and third symbol of subframe 0 and 5 for both FDD and TDD system.

Option 2: In NCT, PSS and SSS will be transmitted in the first and second symbol of subframe 4 and 9 for FDD system. For TDD system, PSS and SSS will be transmitted in the first and second symbol of subframe 1 and 6.
Appendix
Table 1 Time location of RS signal for SF0 and SF5 (Normal Cyclic Prefix)
	Time-Symbol Position
	FDD (SF 0 or SF 5)
	TDD (SF 0 or SF 5)

	Slot 0

	    0
	CRS port 0

PDCCH region*
	CRS port 0

PDCCH region*

	    1
	PDCCH region*
	PDCCH region*

	    2
	PDCCH region*
	PDCCH region*

	    3
	DMRS port 5

PRS
	DMRS port 5

PRS

	    4
	CRS port 0
	CRS port 0

	    5 

(Rel-8 FDD SSS position)
	DMRS port combination of {7,…,14}

CSI-RS

PRS
	DMRS port combination of {7,…,14}

CSI-RS

PRS

	    6 

(Rel-8 FDD PSS position) 
	DMRS port 5

DMRS port combination of {7,…,14}

CSI-RS

PRS
	DMRS port 5

DMRS port combination of {7,…,14}

CSI-RS

PRS

	Slot 1

	    0
	CRS port 0

PBCH** (only SF 0)
	CRS port 0

PBCH** (only SF 0)

	    1
	PBCH** (only SF 0)

PRS
	PBCH** (only SF 0)

PRS

CSI-RS

	    2
	DMRS port 5

PBCH** (only SF 0)

CSI-RS

PRS
	DMRS port 5

PBCH** (only SF 0)

CSI-RS

PRS

	    3
	PBCH** (only SF 0)

CSI-RS

PRS
	PBCH** (only SF 0)

CSI-RS

PRS

	    4
	CRS port 0
	CRS port 0

	    5
	DMRS port 5

DMRS port combination of {7,…,14}

CSI-RS

PRS
	DMRS port 5

DMRS port combination of {7,…,14}

CSI-RS

PRS

	    6

(Rel-8 TDD SSS position)
	DMRS port combination of {7,…,14}

CSI-RS

PRS
	DMRS port combination of {7,…,14}

CSI-RS

PRS


Table 2 Time location of RS signal for SF0 and SF5 (Extended Cyclic Prefix)
	Time-Symbol Position
	FDD  (SF 0 or SF 5)
	TDD  (SF 0 or SF 5)

	Slot 0

	    0
	CRS port 0

PDCCH region*
	CRS port 0

PDCCH region*

	    1
	PDCCH region*
	PDCCH region*

	    2
	PDCCH region*
	PDCCH region*

	    3
	CRS port 0
	CRS port 0

	    4

(Rel-8 FDD SSS position)
	DMRS port 5

DMRS port combination of {7,…,14}

CSI-RS

PRS
	DMRS port 5

DMRS port combination of {7,…,14}

CSI-RS

PRS

	    5 
(Rel-8 FDD PSS position) 
	DMRS port combination of {7,…,14}

CSI-RS

PRS
	DMRS port combination of {7,…,14}

CSI-RS

PRS

	Slot 1
	 
	 

	    0
	CRS port 0

PBCH** (only SF 0)
	CRS port 0

PBCH** (only SF 0)

	    1
	DMRS port 5

PBCH** (only SF 0)

PRS
	DMRS port 5

PBCH** (only SF 0)

CSI-RS

PRS

	    2
	PBCH** (only SF 0)

PRS
	PBCH** (only SF 0)

PRS

CSI-RS

	    3
	PBCH** (only SF 0)

CRS port 0
	PBCH** (only SF 0)

CRS port 0

	    4
	DMRS port 5

DMRS port combination of {7,…,14}

CSI-RS

PRS
	DMRS port 5

DMRS port combination of {7,…,14}

CSI-RS

PRS

	    5
(Rel-8 TDD SSS position)
	DMRS port combination of {7,…,14}

CSI-RS

PRS
	DMRS port combination of {7,…,14}

CSI-RS

PRS


Table 3 Time location of RS signal for TDD special subframes at SF1 and SF6 (Normal and Extended Cyclic Prefix)
	Time-Symbol Position
	Normal CP 
	Extended CP

	Slot 0

	    0
	CRS port 0***
PDCCH region*
	CRS port 0***
PDCCH region*

	    1
	PDCCH region*
	PDCCH region*

	    2

(Rel-8 TDD PSS position)
	PSS

DMRS port combination of {7,…,14}

(for SF configuration 1,2,3,4,5,7,8)
	PSS



	Other symbols in the subframe may be either UL or DL or GP based on the special subframe configuration. Therefore, these positions should not be considered for PSS location in NCT.


Table 4(a) Possible PSS/SSS time-symbol location (FDD Normal Cyclic Prefix)

	Option
	PSS (SSS) Location
	SSS (PSS) Location
	Comments

	1
	SF0,5 Slot0 Sym1
	SF0,5 Slot0 Sym2
	No collision

Need separate subframe boundary detection.

	2
	SF0,5 Slot0 Sym2
	SF0,5 Slot0 Sym3
	TM7 transmission will not be possible.

	3
	SF0,5 Slot1 Sym1
	SF0,5 Slot1 Sym2
	Possible collision with CSI-RS. 

It was also used by Rel-8 PBCH**. 

	5
	SF4,9 Slot0 Sym0
	SF4,9 Slot0 Sym1
	No collision

Need separate subframe boundary detection. 

	6
	SF4,9 Slot0 Sym0
	SF4,9 Slot1 Sym0
	No collision. 

SSS is one slot away from PSS.

 Not most suitable for coherent detection of SSS. 

	7
	SF4,9 Slot1 Sym0
	SF4,9 Slot1 Sym4
	No collision. 

Not most suitable for coherent detection of SSS.


*  For NCT, PDCCH is not used
** PBCH transmission not needed for non-standalone Rel-11 NCT
*** Rel-8 CRS design
Table 4(b) Possible PSS/SSS time-symbol location (FDD Extended Cyclic Prefix)

	Option
	PSS (SSS) Location
	SSS (PSS) Location
	Comments

	1
	SF0,5 Slot0 Sym1
	SF0,5 Slot0 Sym2
	No collision

Need separate subframe boundary detection.

	2
	SF0,5 Slot1 Sym1
	SF0,5 Slot1 Sym2
	TM7 transmission will not be possible.

Possible collision with CSI-RS. 

	3
	SF4,9 Slot0 Sym0
	SF4,9 Slot0 Sym1
	No collision

Need separate subframe boundary detection.

	4
	SF4,9 Slot0 Sym0
	SF4,9 Slot1 Sym0
	No collision. 
SSS is one slot away from PSS.

Not most suitable for coherent detection of SSS. 

	5
	SF4,9 Slot1 Sym0
	SF4,9 Slot1 Sym3
	No collision. 

Not most suitable for coherent detection of SSS.


Table 5(a) Possible PSS/SSS time-symbol location (TDD Normal Cyclic Prefix)

	Option
	PSS (SSS) Location
	SSS (PSS) Location
	Comments

	1
	SF1,6 Slot0 Sym0
	SF0,5 Slot0 Sym1
	No collision.

Not most suitable for coherent detection of SSS.

	2
	SF1,6 Slot0 Sym0
	SF0,5 Slot0 Sym2
	No collision.

Not most suitable for coherent detection of SSS.

	3
	SF1,6 Slot0 Sym1
	SF0,5 Slot0 Sym1
	No collision.

Not most suitable for coherent detection of SSS. 
SSS is one subframe away from PSS.

	4
	SF1,6 Slot0 Sym1
	SF0,5 Slot0 Sym2
	No collision.

Not most suitable for coherent detection of SSS.

	5
	SF 0,5 Slot0 Sym1
	SF 0,5 Slot0 Sym2
	No collision.

Need separate subframe boundary detection.

	6
	SF 0,5 Slot1 Sym1
	SF 0,5 Slot1 Sym3
	TM7 transmission will not be possible.

	7
	SF 1,6 Slot1 Sym0
	SF 1,6 Slot1 Sym1
	No collision.

Need separate subframe boundary detection.


Table 5(b) Possible PSS/SSS time-symbol location (TDD Extended Cyclic Prefix)

	Option
	PSS (SSS) Location
	SSS (PSS) Location
	Comments

	1
	SF1,6 Slot0 Sym0
	SF0,5 Slot0 Sym1
	No collision.

Not most suitable for coherent detection of SSS.

	2
	SF1,6 Slot0 Sym0
	SF0,5 Slot0 Sym2
	No collision.
Not most suitable for coherent detection of SSS.

	3
	SF1,6 Slot0 Sym1
	SF0,5 Slot0 Sym1
	No collision.

Not most suitable for coherent detection of SSS.

SSS is one subframe away from PSS.

	4
	SF1,6 Slot0 Sym1
	SF0,5 Slot0 Sym2
	No collision.

Not most suitable for coherent detection of SSS.

	5
	SF1,6 Slot0 Sym2
	SF0,5 Slot0 Sym1
	No collision.

Not most suitable for coherent detection of SSS.

PSS is located in the same location as Rel-8 design.

	6
	SF1,6 Slot0 Sym2
	SF0,5 Slot0 Sym2
	No collision.

Not most suitable for coherent detection of SSS.

SSS is one subframe away from PSS.

PSS is located in the same location as Rel-8.

	7
	SF1,6 Slot0 Sym2
	SF1,6 Slot0 Sym0
	No collision.

Need separate subframe boundary detection.

	8
	SF1,6 Slot0 Sym2
	SF1,6 Slot0 Sym1
	No collision.

Need separate subframe boundary detection. 

	9
	SF1,6 Slot0 Sym1
	SF1,6 Slot0 Sym0
	No collision.

Need separate subframe boundary detection. 

	10
	SF0,5 Slot0 Sym1
	SF0,5 Slot0 Sym2
	No collision.
Need separate subframe boundary detection.
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