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1. Introduction
In the RAN1#68bis meeting, the following working assumption and conclusion were made for PSS/SSS deign in new carriers [1].
Working assumption: Rel-8 PSS/SSS sequences are transmitted

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 the RAN1#69 meeting, the agreement is to use the existing DM-RS patterns on the NCT, subject to possibly being with puncturing as per Alt 3a below. Alt 1 and 3 are both supported by several companies.  
· 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 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
This contribution discusses several issues and the remaining alternative proposals for resolving collisions between PSS/SSS and DM-RS on new carriers.  
2. Collision between PSS/SSS and DM-RS
In current system specification, a 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 [2]. In FDD compatible component carriers, central 6 RBs are used to transmit PSS/SSS in subframe #0 and #5. While PSS/SSS are transmitted in the last two symbols in the first slot, collision occurs with DM-RS pattern shown in Fig.1. 
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Fig. 1 DM-RS pattern
DM-RS in the last two symbols of the first slot needs to be suspended while PSS/SSS are transmitted. The remaining DM-RS in the second slot might not be able to provide accurate channel estimation for demodulation of the whole RB. Accordingly these 6 RBs are not used and UEs are not expect to receive PDSCH resource allocation on them. 
In RAN1#66bis, one of the identified motivations for new carriers is to enhance spectral efficiency [3]. It would be helpful if these 6 RBs could be used as PDSCH resources on new carriers. Therefore, the first thing we should decide is: 

Issue #1:  Whether these RBs carrying PSS/SSS should be used as PDSCH resources?
A simple solution is to follow that on compatible carriers and preclude these RBs from PDSCH resource. However, it would not help spectrum efficiency at all as compared to legacy carriers. Moreover, these RBs on new carriers might have more resource for PDSCH if PBCH and/or downlink control signals are not transmitted or transmitted with reduced information according to the working assumption made to be with at least reduced or eliminated legacy control signalling and/or CRS [3]. Accordingly, our proposal is to make use of these RBs for PDSCH on new carriers. 
Proposal #1: The RBs carrying PSS/SSS on new carriers should be used as PDSCH resource to enhance spectrum efficiency. 

This proposal means Alt.3b should not be considered according to the motivation of improving spectrum efficiency on NCT. 

3. Solutions to resolve or alleviate the collision
3.1 Alt.3a Puncture DM-RS
Fig.2 illustrates an example of Alt.3a in which DM-RS is punctured by PSS/SSS. A possible solution is to make use of PSS/SSS and the remaining DM-RS in the second slot to help channel estimation. This solution will result in complexity increment of UE to have capability of channel estimation by PSS/SSS and its accuracy. Some enhanced method of channel estimation could consider the puncturing situation during implementation. The performance loss should be tolerable. 
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Fig. 2 DM-RS punctured by PSS/SSS
3.2 Alt.1 moving the PSS/SSS
Another solution is to adjust time location of PSS/SSS. Fig. 3 illustrates an example of Alt.1a to transmit PSS/SSS in second and third symbols of the first slot. The impact of this solution is PSS/SSS timing has an offset value in symbols from slot boundaries. UE timing control on new carriers needs to be different from legacy carriers. Moreover, interference between PSS/SSS on neighbour cells is also going to be changed. Timing adjusted PSS/SSS signal might cause additional interference to control signals on legacy carriers.  
Fig. 4 illustrates another solution to shift DM-RS pattern in time domain. The impact to system is to have additional time shift for these RBs and increase the complexity of channel estimation in UEs. But the performance of channel estimation could be maintained similar to that of legacy system. Interference to control channel of adjacent carrier(s) could be reduced as compared to Alt.1a. 
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Fig. 3 Changing time location of PSS/SSS
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Fig. 4 Shifting time location of DM-RS
Alt.1b is to change relative locations of PSS/SSS. It could result in certain loss of coherent detection of PSS/SSS. Extra efforts should be spent on evaluation for different system parameters. Timing control of cell search should be changed from that of Rel-8. Therefore we do not prefer Alt.1b as compared to the Alt.1a or Alt.3a. 
Our preference is to make use Alt.1a or Alt.3a. 
· Alt. 1a: Moving the PSS/SSS and keeping Rel-8 relative locations of PSS/SSS
· Alt. 3a: Puncture DM-RS
Alt.3a might has a higher preference since it provide no change to Rel-8 PSS/SSS locations and the performance of channel estimation could be compensated in implementation. 
4. Conclusions

This contribution discusses issues and alternative proposals for resolving collisions between PSS/SSS and DM-RS on new carriers. First of all, the issue is whether these RBs carrying PSS/SSS should be used as PDSCH resources. Our proposal is
Proposal #1: The RBs carrying PSS/SSS on new carriers should be used as PDSCH resource to enhance spectrum efficiency. 

This proposal means Alt.3b should not be considered according to the motivation of improving spectrum efficiency on NCT. For remaining alternatives, our preference is to make use Alt.1a or Alt.3a. 

· Alt. 1a: Moving the PSS/SSS and keeping Rel-8 relative locations of PSS/SSS

· Alt. 3a: Puncture DM-RS
Alt.3a might have a higher preference from our perspective since it provides no change to Rel-8 PSS/SSS locations and the performance of channel estimation could be compensated in implementation. 
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