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1. Introduction
In RAN1#72bis meeting, extensive discussions on new DMRS pattern were performed, many DMRS patterns were proposed and also the performance figures. Since no significant gain was observed, the following conclusions were drawn [1]:
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In this contribution, the different design options based on Alt 2a and alt 2b are discussed. 
2. Handling of PSS/SSS DMRS collision
2.1. Alt 2a: shift PSS/SSS
Avoid collision with other RS and channels

The motivation to design a new location for PSS/SSS is to solve the collision between DMRS and PSS/SSS as shown in Figure 1. 
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Figure 1 : collision between PSS/SSS and DMRS in FDD (normal CP)
Moreover, collision with other Rel-11 PBCH/CSI-RS/TRS should also be considered. Therefore, the following restriction should be considered,
· Avoidance collision with DMRS

· Avoidance collision with CSI-RS

· Avoidance collision with tracking RS

· Avoidance collision with PBCH

Annex 1 shows the possible locations for PSS/SSS in TDD and FDD system
. In [2]-[3], some candidates of PSS/SSS time location were proposed. It is also proposed that 

Proposal 1: if a shifted PSS/SSS is introduced for NCT, it should avoid collision with other RSs and channels, e.g., PBCH/CSI-RS/TRS/DMRS.
Gap between PSS and SSS
Rel-8 UEs can know the duplex mode after detecting PSS/SSS. This is because of the gap between PSS and SSS is different for TDD and FDD.
In [2]-[5], the same gap is assumed for both TDD and FDD as a candidate. In this case, FDD and TDD have the same PSS/SSS mapping, which deviate from the R8 principle. As a result, a UE cannot figure out whether the cell is FDD or TDD by detecting PSS/SSS. An additional signalling is needed to distinguish between FS1 and FS2. Since the same relative gap for FDD in Rel-8 is used for NCT, an additional signalling to indicate TDD or FDD is also needed.
In [4], different relative distance between PSS/SSS for FDD with normal CP is proposed. SSS is transmitted in the second symbol of slot0, and PSS is transmistted in the fourth symbol of slot0. The relative distance between PSS and SSS is different from the legacy relative distance shown in Figure 7. In this case, a UE can figure out not only whether the cell is legacy or NCT and aslo TDD or FDD. But considering extended CP case, as shown in Figure 3, the fourth symbol is possibly used for tracking RS transmission. It means normal CP and extended CP have the different relative gap between PSS/SSS. In Rel-8, unified PSS/SSS locations for both CP length is adopted. There is no need to explicitly indicate CP type by different PSS/SSS locations since CP length can be blind detected easily. Furthermore, introducing a new relative distance will increase the number of blind detection and the receiver complexity. 

Based on the above observations, the following questions is needed to be further clarified.
Q1: Whether a new PSS/SSS gap rather than existing Rel-8 gap is needed for NCT?

Q2: Whether there is only one PSS/SSS gap for NCT?

Q3: Whether the number of OFDM symbols between PSS and SSS is the same for NCP and ECP? (assuming NCT supports ECP also)
Here, we list the feasible design options from our understanding as follows

	
	Q1

new gap?
	Q2

One gap?
	Q3

NCP= ECP?

	1
	Yes
	Yes
	Yes

	2
	Yes
	Yes
	No

	3
	Yes
	No
	Yes

	4
	Yes
	No
	No

	5
	No
	Yes
	Yes

	6
	No
	Yes
	No

	7
	No
	No
	Yes

	8
	No
	No
	No


Shifted PSS/SSS solution will need additional specification work and the impacts need to be study further. And, it is proposed that
Proposal 2 :  RAN1 should further clarify the PSS/SSS design options forNCT if shifted PSS/SSS is introduced. Q1~Q3 could be a stat point.
2.2. Alt 2b: puncture DMRS
Puncturing DMRS in case of collision with PSS/SSS is different from TDD and FDD. For FDD, the first strip of DMRS is punctured. For TDD, the second strip of DMRS is punctured. Puncturing the first strip of DMRS results the whole 14 OFDM symbols channel estimation based on the pilots on the last two OFDM symbols. Similar to the shorten DM-RS for Un R-PDSCH demodulation, reducing the number of strips for DMRS from two to one doesn’t cause severe performance loss at least in low UE speed in most SINR region[6]. 

One particular aspect need to be noted is the “boundary effects”. Considering System bandwidth 
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 from 64 to 110, the RBG size is 4. Then there exists a “boundary RBG” which corresponds to different number of DMRS strips for the top two PRBs and bottom two PRBs. This results UE to have a new demodulation approach for such special RBG.  Therefore, it is proposed that,

Proposal 3: “boundary RBG” should be considered to reduce the UE demodulation complexity.
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Figure 2. “boundary effects”
3. Conclusion
In this contribution, we discussed some considerations for PSS/SSS in NCT. Based on the analysis, it is proposed that,
Proposal 1: if a shifted PSS/SSS is introduced for NCT, it should avoid collision with other RSs and channels, e.g., PBCH/CSI-RS/TRS/DMRS.

Proposal 2 :  RAN1 should further clarify the PSS/SSS design options forNCT if shifted PSS/SSS is introduced. Q1~Q3 could be a stat point.

· Q1: Whether a new PSS/SSS gap rather than existing Rel-8 gap is needed for NCT?

· Q2: Whether there is only one PSS/SSS gap for NCT?

· Q3: Whether the number of OFDM symbols between PSS and SSS is the same for NCP and ECP? (assuming NCT supports ECP also)

Proposal 3: “boundary RBG” should be considered to reduce the UE demodulation complexity.
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Annex 1 : RS location
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Figure A-1 : possible locations for PSS/SSS in FDD (normal CP)
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Figure A-2 : possible locations for PSS/SSS in FDD (extended CP)
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Figure A-3: possible locations for PSS/SSS in TDD (normal CP)
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Figure A-4 : possible locations for PSS/SSS in TDD (extended CP)
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Do not adopt a new DMRS pattern


Discuss further between Alt 2a and 2b or consider whether there may be other possible solutions for the PRBs containing PSS/SSS until RAN1#73.


Alt 2a: Do not adopt a new DMRS pattern and shift PSS/SSS


Alt 2b: Do not adopt a new DMRS pattern and puncture DMRS (do not shift PSS/SSS (at least for the motivation of avoiding collisions with DMRS))








� Note: CSI-RS and PBCH do not transmit simultaneously in one subframe. These figures are just to identify the occupied REs of all reference signals in time/frequency domain regardless subframe index.
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